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to give YOU 
absolute uniformity 
with balanced 
electrical 


The revolutionary Thermo-Induction Heater gives 
you greater production... more efficient operation 
... with absolute uniformity in heating, and BAL- 
ANCED ELECTRICAL LOADING. Billet after 
billet is heated consistently and evenly... and with 
the deep, even penetration attained with 60 cycle 

fred furnaces, famous for efficrency 

and dependability, have made Loftus a service. 

byword in heat treating shops through 

The whole operation is automatic .. . clean 


efficient. 


Send today for descriptive folder: "60 Cycle 


Induction Heating by Loftus.” 


Write for information on greater efficiency 
in aluminum melting furnaces. 


ENGINEERING CORPORATION 


Designers and Builders of Industrial Furnaces 


610 Smithfield Street, Pittsburgh 22, Pennsylvania 
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Our personnel are experts in the field of demolition 


Plant Foreman, 
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for the Fastest’ Most Efficient Service 

24 Hours a Day, 7 Days a Week 
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Perfect combination of 


POLARIZING MICROSCOPE 
and REFLEX CAMERA... 


Polarizing 
Panphot 


Compared with ordinary polarizing microscopes, the Leitz Panphot is a 
distinct innovation, for microscope and reflex camera are combined in one 
complete, easy-to-use unit. It is particularly suited for use with 
REFLECTED LIGHT Large polarizing vertical illuminator, with prism 
and glass plate, makes the Panphot standard equipment for examining 
ores, metal, coal and all other opaque mineral specimens. 
TRANSMITTED LIGHT — Polarizing substage and object clutch changer 
convert Panphot to research petrographic microscope with built-in photo 
micrographic camera. 
PHOTOMICROGRAPHY ~— Simple withdrawal or insertion of lateral ob 
servation tube enables user to examine microscope image visually and ther 
photograph it immediately afterwards 
GROUP WORK -— The Panphot can also be used for demonstrating to a 
small group of observers or for micro-drawing 
Accessories such as heating stages, integrating stages, universal stages 
phase accessories and Ultropak equipment can be used with the Panphot 
making it an ideal instrument for research and industria! laboratories. The 
Panphot is now available for 3's x 4'« inch plates and cut film and a 
4x 5 inch Graflok back 
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Cold Strip Mill 
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When Production Steel Coil Co. [ne 
gets a request tor cold rolled strip 
of unusual width, gauge, temper and 
finish, they don't put the customer 
off with a “not in stock” excuse 
They roll the order to exact specifi 
cations right in their Detroit ware 
house on a Lewis 10° x 20 x 2S 

1-High Reversing Cold Strip Mill! 
Reversing coils permit) continuous 
operation with substantial reductions 
per pass, and close gauge tolerances 
ire maintained with the most 
idvanced pushbutton controls. This 
mill, together with its annealing 
equipment provides an exceedingly 
flexible arrangement that meets all 
customers’ requirements. Write for 
complete technical details 


Manufacturers of Rolls and Rolling 
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Non-Ferrous Industries 
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Pittsburgh, Pa 
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Everywhere metallographers are talking about the 
startling optical performance . plus simplicity, 


sept 


sept \imMe Industrial Minerals Div 


Sept. 10-12. Porcelain Enamel Institute 


speed, and convenience, brought to metals micro- ws 
Sept 11-18. American Institute of Chemica . scopy by the new AO “DESK-TYPE” Metallo- pee’ 
Engineers, | er House, ¢ 
graph. See it, study it, operate it and you will never a 
ts cote American Mining Congress, Metal again be happy with laborious, antiquated methods. 7 
Sept. 25-25, Institution of Mining and Metal OPTICS ARE CUSTOM DESIGNED FOR BEST RESULTS ac cach ASTM. magnification — - 
lures Apergon” infinity corrected objectives and matching evepreces 
FROM START TO FINISH YOU STAY SEATED, reaching every control and performing every : 
Pa Feeney - ect operation without moving from your comfortable chair 
YOU FOCUS AUTOMATICALLY AND ACCURATELY. While examining specimen through mi- 
croscope eyepiece you are automatically tocusing tor photography i. 
VIEWING SCREEN IS DIRECTLY IN FRONT OF YOU. Accurate grain Fs 
size case depth and l near measurements are made Ae 


rapidly on the screen with comparison charts and 


micrometer rule 


h IT'S UNBELIEVABLY FAST AND ACCURATE in changing ’ 
magnihcations, adypusting lamp making ex It the 


posures, and taking notes 
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or binocular bodies, 2 lamps visual 
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ade without heat treating 


with pre-hardened free-cutting 


CARILLOY FC STEEL 


VERY vear, over 5 million tons of coal pour 
| eae of the 6 Fairmont, West Virginia 
region mines of Consolidation Coal Companys 
W. Va All repair and rebuilding of the 
hard-working equipment used in these mines 
are done at the company’s Monongah, W. Va., 
maintenance shop. 

Here, highly skilled machinists make every- 
thing from mine locomotive axles to armature 
shafts. Each new part they make must be as 
strong as the original, without benefit of heat 
treatment after machining. 

So here is just the place for a very special 
kind of alloy steel 

Consolidation Coal Company W. Va.) has 
found that they can produce practically all of 
the heavily stressed parts they use in their 
own shops— without heat treating with a 
special grade of alloy steel, such as US'S 
CarRILLoy FC steel. This pre-hardened, free 
cutting alloy steel is received from the mill 


already quenched and tempered to the hard- 


WITED STATES STEE MPANY PITTSBURGH 


TENNESSEE COAL IRON DIVISION FAIRFIELD Ala 


‘ 


Carilloy 


ELECTRIC FURNACE O8 OPEN HEARTH 


ness required. No further heat treatment is 
necessary. Finished parts have a minimum 
tensile strength of 140,000 psi. and good 
surface finish 

U-S’S Carittoy FC offers you important 
advantages if you have to make heavy-duty 
shafting or other parts that require 125,000 
to 175,000 psi. steel. This deep-hardening man- 
ganese, chromium, molybdenum alloy steel is 
available quenched and tempered from 255 
to 375 Brinell. You don’t have the expense of 
heat treating after machining and you elimi- 
nate rejects caused by distortion and scaling. 

For production work, remember that CARI 
LoY FC, easy to machine, is easy on your tools 

some users report that tools last 300°, long- 
er, and more pieces can be produced per hour. 

CaRILLoy FC is available now, quenched 
and tempered or annealed, in all standard bar 
forms and sizes 

It costs only slightly more than ordinary 


through-hardening alloy steels. 


MBIA GENEVA STEEL DIVISION SAN FRANCISCO 


STATES STEE PPLY DIVISION, WAREHOUSE DISTRIBUTORS 


Steels 
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“users of FERRO-BORON in Steel 
find these adrantages 


Having successfully developed and introduced the use of 
Boron in commercial steels (U.S. Patents 2,284,299 and 
2,509,281), the Molybdenum Corporation its qualitied by 
years of research and practical experience to advise the 
steel maker and to supply his needs tor the most saustactors 
production of Boron Steels. Advantages to be considered are: 
1— Ample Supplies, all from U.S.A 

Lessened Scr. Troubles 

Heat-Treating Cycles Unaltered 

Machinability Unimpaired 

Reproducible Results, Economically Obtained 
As a supplier of Molybdenum, Tungsten, Boron and Rare 
Earth Materials, the Molybdenum Corporation invites and 


solicits correspondence, 


AMERICAN Production, 
American Control, Completely lotegrated 


American Distribution, 


Offices: Prusburgh, New York, Chicago, Cleveland, 
Detroit, Los Angeles, San Francisco 


\ales Representatives: American Steel and Supply Co., 
Chicago Edgar L. fink, Detrou Brumley-Donaldson 
Co., Los Angeles, San Francisco 


Cleveland-Tungsten, Inc., Cleveland, O 
Tungsten Manufacturing Co... Inc oon 


City, Nod 


Crenera 


Works: Washington, Pa. York, Pa 
S 


CORPORATION OF AMERICA NG 
Grant Building 


Pittsburgh, Pa. 
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with phase contrast, bright 


of illumination quick 


THE MODEL L EQUIPMENT 


WRITE for information on how 


the complete, odaptable BAL line can 
save you man-hours and materials 
Bousch & Lomb Optical Co 78706 
St Paul Street. Rochester 2, New York 


Bausch & Lomb Yffplallographic Equipment 
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Melting Capacity 
30,000 pounds per hour 


-and five men 
do it all 


As a part of the most modern and completely 
integrated brass cold rolling operation in the 
world, Scovill Manufacturing Company of Water- 
bury, Connecticut, has in operation three 1000 
kW Ajax-Scomet electric induction melting 
furnaces with a production of 10,000 pounds 
each per hour. These furnaces, the largest in the 
brass industry, are equipped with the most pre- 
cise control of melting temperatures by means 
of a permanently inserted thermocouple and 
have thereby considerably reduced melting 
losses 


INDUCTION 
FURNACES 


In operation at the Waterbury plant 
of the Scovill Manufacturing Company 
Every half hour each of these furnaces in turn 
discharges its 5,000-pound charge into a ladle 
which is transferred by crane to a holding fur- 
nace ‘shown at right) of 9,000 pounds’ capacity. 
This furnace is mounted over the continuous 
casting machine located on the floors below, 
and thus is able to provide a permanent flow of 
molten brass to the mold. The intermixing of 
the charges from the three furnaces gives ad- 
ditional uniformity of composition. 


WRITE FOR FURTHER DETAILS ABOUT AJAX FURNACES 


AJAX ELECTRO cone anda i Comps 
AJAX ELECTROTHERMIC ‘ 
AIAK ELECTRIC C 
AJAX ELECTRIC 


‘cone. ‘ 
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Industrial Notes . . 
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e Kimmed steel deoxidation is be 
ing accomplished with the aid of 
rasorite, a sodium borate concen 
trate commonly used in kitchens 
under the name of borax. It has 
been increasingly replacing or 
supplementing aluminum in re 
cent months 


Production Heat Treating 
chniques are Determined in 


HEVI DUTY FURNACES 


These furnaces provide the uniform 


heat needed in this important work 
Temperatures are accurately con- 
> F. For day in day 

precision la- 
borato work rugged Hevi Duty 


w meet your require- 


ments Write for bulletin IND.741 


HEMISsB-UTY. ..., 


—~— MILWAUKEE 1, WISCONSIN — trem a billet of specially processed 


Heat Treating Furnaces. Electric Exclusively sintered iren. Although the ex 
Dry Type Transtormers Constant Current Regulators 
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periment did not result in a finish 
ed product, experts said it showed 
the possibility of making such 
cartridge cases 


4 


e An Army Signal Corps report 
prepared by the Georgia Institute 
ot Technology describes a new 
fatty acid absorption technique tor 
surtace area measurement of fine 
particles. OF particular use in met 
allurey, the process greatly re 
duces measurement time, and can 
be widely used to control chemical 
processes 


e Canadian Siempelkamp, Ltd 
plans to manufacture industrial 
presses heavier than any now 
made on the North American con 
tinent, ina plant to be constructed 
it Hamilton, Ont. The new com 
pany expects orders trom South 
America, in addition to those from 
the United States and Canada 


@ The Exper 


HARD 
For ALLOY 
low> COMPACTS:..< 


cost 


Titanium and Zirconium Alloy Powders 


... without the high cost and 
expensive equipment needed for 
sheet metal fabrication and bar 
stock for small metal and or alloy 
parts, metallurgists now turn to 


Titanium Metal Powder . . . Titanium Hydride 
Zirconium Powder . . . Zirconium Hydride 


Equal to the low cost advantage of pressing 
and sintering for small parts, (such as components requiring 
hardness, corrosion resistance, and high temperature 
service) are the considerations that no waste results when 
these powders or hydrides are employed. Particles are 
homogeneous alloys, thus insuring homogeneous products 

Available from Metal Hydrides Incorporated are 
powders of titanium and zirconium alloyed with Nickel; 
Chromium; Cobalt; Manganese; Thorium; Uranium; Tan- 
talum; and Niobium (formerly Columbium) 

Titanium hydride can be sintered under 

vacuum to produce Titanium metal. 

Zirconium hydride can be likewise handled 

to produce Zirconium metal. 

Save time, money, investment in equipment and 
machinery, and waste by using Metal Hydrides alloy 


powders. 


12-24 CONGRESS STREET e BEVERLY e MASS. 
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include the know-how of 
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CHECKERS 
TAPERED DOOR FRAMES 
FLUORIDE RIMMED STEEL 


OR CONSTRUCTION, FOR 
OR COMPLETE SHOPS 


METALLURGICAL PLANT DESIGN AND CONSTRUCTION 


KOPPERS Freyn Engineering 


wr DEPARTMENT OF KOPPERS COMPANY, INC. 
109 NORTH WABASH AVENUE CHICAGO 2. U.S.A. Associated with Bene Pea & Ce. 


De Lettre & Froward, Paris, 
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National Lead Co. and Fomento Minerales de Cubs have bought the 50 pet interest 
owned by Ne V. Billiton in Nickel Process sing cO., Operators of the United 
States Government owned plant at ‘icaro, Cuba. ‘lational Lead gsins the con- 

trolling interest in view of its original 30 pet participation in the project. 

Tomento, before Billiton was bought out, owned 20 pet of Nickel Frocessing. 

Further expansion of production is contemplated with a contract for pilot 

plant construction awarded. Part of the deal with Billiton included rights 

to certain processes that are expected to raise nickel output and to give 


cobalt as a byproduct. 


An increase in German steel production during the early part of the spring lifted 
plant output to #n annual rate of 15.6 million (metric) tons. Previous specu- 
lation had placed Germany's expected production at 15 million tons. Partially 
responsible for the gains is the increase in German coal production. Fie iron 


rroducticn hit 1.05@ million tons, up 70,000 tons from February. 


United Nations Economic vommission for Europe warns that steel producers on 
the continent must expand and modernize if competition from the United jtates 
and Japan is to be ret successfully. Predicting that Japanese and American 
competition will grow stiffer within the next few years, the Commis3ion 
warned thet European producers could not depend upon erms contracts to_ 
maintein them under long term conditions. 


General Electric will use aluminum bases for 50 pet of its electric light bulb 
production in 1952. 


American taxpayers are being teken off the hook to the extent of $2 million with 
~~ the adoption of certain powder metel parts by Army Ordnance. Further utilize- 
tion of powder metal msey incr ‘ease the savings to $10 million. If end when 


powdered iron rotating bends come into use, an edditional $8 million may 
be saved. 


Estimate of surplus zinc supply for American needs is ;leced et 1:9,000 tons for 


1952 by C. R. Ince, vice-president of the St. Joseph Lead Co. He figured 


industriel needs et €89,000 tons. 


Steel is being pr 
bessemer end open hearth procedures, at e pilot plent et Cakvil le, Ont. The 
Test slabs are being 


method known as the Cavaneugh process, utilizes e kiln. } are b 
shipped to Pepublic Bteel, where they ere being rolled into sheets. Manu- 
fecture of controlled density steel is expected to teke root in sreas where 
there is little capitesl for regular steel plent operation or the know-how 

is lecking. 


oduced by @& new process slmost totally different from conventional 


Government and industriel] officials ere off to Europe to buy lerge steel castings 


needed for the heavy press program sponscred by the Air Force. The teen. 
wild piece orders for 69 separete castings ranging from 50 to 150 tons. The 


Americen instelletions capable of producing the castings #1 ere slready 


few 
overburdened by defense orders. Eight units called for sre forging presses 


with applied pressure capacity ranging from 25,000 to 50,000 tons. Another 
nine ere extrusion presses renging from 8000 to £0,000 tons. 


Losses caused by conventional methods for feeding cast iron borings into the 
cupole in meking pig iron, may be drastically curteiled by a new British 
method whereby the metel scrap is fed through e hole in the side directly 
into the heat zone, instead of poured through the top. The new unit is 


said to be cepeble of saving 1 million tons of cast iron annuelly. 
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Fig 1—The heart of } 
the Sterling Process ,y 


ss the f an elec 
tric arc to carry on 
reduction of zinc 
res This sche ¢ 

matic diagram of the 


use 


electric turnace used 


Electric Furnace Smelting of Zinc Ores 
The Sterling Process | 


by E. C. Handwerk, G. T. Mahler, and L. D. Fetterolft 


i} 
The Sterling Process a new method tor smelting zinc ores 
using heat gene rated by an electric arc to carry on the reduc 
oon as nace Geveropea. tion Covering patents have been allowed to the New Jersey 
t. a et I tt na large numbe of patent i Zinc Co By the process, zinc metal, together with its accom 
pot eles i panying values, and pig iron are produced All of these ele 


ment f wed ments except for a controlled amount of won are almost com 


pletely elummmated from the slag The process derives its name 
trom the fact that initially it wos directed to the smelting of 
ai the crude ore trom the New Jersey Zinc Co's Sterling Hill 

mine, which ore, after calcining, assays 18 to 20 pet zinc and 
enerated in pa anh Cree Boyes . nrougi an equal amount of won It has since been used on high 
ct Tt nharge wv not melted and ink Wa grade zinc concentrates trom which substantial recovery of 
i. Th method of using ene yt melt Zine secondary values can be realized The lead, cadmium, and 
f practiced or some of the silver, are collected im the zinc metal, while 
Lead ( leveloped a proce copper, gold, and the remaiuing silver are concentrated in the 
heated ’ pig iron This article us the first to describe the theory and 
peration of the patented Sterling Process 


—E C HANDWERK G T MAHLER, ond L D FETTEROLF are 
of Pa Palmerton, Pa 


associated with the New Jersey Zinc Co 
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charging a solid unfused residue 4 
The econd lime development Vu tne int { that the Ine if did not condense predominantly 
an electric furt ‘ n which highe temperature t suid ne but instead to zine dust blue pow 
vere developed by c and slag re tance, the charge te Vlas nve gators became re ned to accept 
being con etely melted down and the residue dis- ! the formation of blue powder and operating the 
hi ed a a In attempting t perate early ele¢ electric furnace so as to forn inc dust onl whic 
7 
tion of zinc was a major problem. The difficulty wa peratior rh lea Wa iltimatelv carned out i 
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Factors to Be Controlled 


Theoretical Considerations 
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Fig 2-—-Slag has been 
tapped from the fur 
nace and flowing 
through the runner 
n the lett where it 

being granulated 
and cooled by water 
ets The sand bed 
n foreground 
ready for won to be 
topped out the 
lower tap hole 
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travels through the preheat n about 2 hr 
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Fig S5—-General view of charging floor showing the three 
24 i diam graphite electrodes and charge hoppers 


Metallurgical Performance 


Fig 6 Above View of the charging Hoor showing the 
control panel The furnace 1s pr vided with 6000 kw 
transformer capacity 


Fig 7 Right —Distributing preheated charge to ind: 


vidual hoppers The charge 1s withdrawn in 2 to 3-ton 
lots at desired intervals to charge to the Sterling furnace 
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Wot Metal Linings —— 


Service Life and Metal Tonnage Increased 


at Columbia-Geneva Steel Div. and Clairton 
Works, U. S. Steel Co. 


Mixer Linings at Columbia- Geneva Steel Div. 


by R. E. Aikens 


R E AIKENS is Assistant Superintendent Open Hearth and 
Foundry, Columbia Geneva Stee! Div U S Stee! Co. Geneva. Utah 
This paper was presented at the National Open Hearth Steel 


Conterence, AIME, Pittsburgh, Mar 31, 1952 
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Mixer Linings at Clairton Works 


by F. R. Smith 
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New Chemical Method Recovers 


Nickel 
Cobalt | 
Copper 


Hypothetical flow sheet for the simultaneous recovery of 
nickel. cobalt, and copper Basic operations are pertormed 
in autoclaves, under controlled pressure and temperature 
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MENT chemu f t! t nd by reduci the time lag between 
ext f pure meta ‘ nd pure metal f m month to a matte of hou 
ve an tant ad matime ti imme Chemico lated to finist 
inct present melting and efining met t tims a 32.0 N on cobalt refinery fot Howe 
nit mmer peratior prove econon ally Sound Mining near Salt Lake City The plant 
j fu expected t aise world cobalt production by 40 pet = 
Deve ped by the Chemical Cor truction Cory Tr plant w proce » tor of 20 pet cobalt cor a 
the new | ce nvolves the treatment of oxide and centrates from Howe Sound's Blackbird mine neal cs 
ilphid neentrates by chemical method ! Cobalt, Idaho, daily. Yearly production expected rn 
tead of the usu nelting and refining technique to reach 2000 tons of pure metal, about one half of : 
Seve the many ap} itior ire now scheduled U.S. consumption in 1950 
f mime al use. Refine ising the new | ‘ Steps in the Howe Sound application of the proce ' * 
‘ ‘ neentrates by stand flotatior ire 
‘ ‘ ‘ it ai i i | | 
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Recovery of copper from copper scrap is shown at Chemico’s pilot plant in Linden, N. J. 


Step | Left Basket of scrap 1s lowered into the leaching 
lut at the beginning of the process This, and other 
iit be fully mechanized in « al plant opera 
aching 1s done in 


laves 


the solution The 
s then pumpe 


rocess. In the autocloves, the copper precipitated from 
ne usede the ther enter are tor heot 


ng into them 


; reduction aut a 
4 
| 
4 ‘ 
iz Pt 
- 
\* 
- 
| 
4, 
- 
* = > A 
high ter nd pr u with reducing agent 
tren tated th utoclaves transferred to solution go 
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Step 
tank 


5—Water and powdered copper pour out of washing 
nto bow filter for preliminary drying 


Step 4— Washing tanks recewe the copper after it 1s pre 


coprtated im autoclaves and wash away leaching % lution 


Step 6—Gleaming copper powder pours from rotary drier in 


the process's last step George Von Hore, right of Chem: 


cal Construction inspects the powder Equipment for con 


tinuous drying will be install d in commercial plants 
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Effect on Production Rates of 


Foreign Ores as Open Hearth Charge Ore 


Liberian Ore 


by R. P. Carpenter 


Fig | The ideal size distribution of the Liberian ore 


recewed can be seen in this photograph The ore con 


sists of hard, dense lumps, and is free t tines 


ARPENTER ntendent Cleveland plant 
first presents 4 at the Nationa! 


AIME Pittsburgh Apr 


50 f the first Liberia 
effect ibse ient melt- 
Open Hearth St Cont th hot me 
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oroccan 


by C. C. Benton 


Table | Screen Analysis of Moroccan Ore Pet 


screen Meoreccan Ore Hracihian Ore 


Table 11. Chemical Analysis of Moroccan Ore Pet 


Moroccan Iron Hrastiian 
Ore sinter Ore 


Table II! Comparison of Heats Using Moroccan Ore with Other 
Charge Oxides 


Moreccan Iron Brarilian 
Ore sinter Ore 


C C BENTON 1s Assistant Superintendent, Open Hearth Dept 
Fairfield Stee! Works, Tennessee Coal & Iron Div, U S. Steel Co 
This paper was presented at the National Open Hearth Stee! Con 


ference. AIME, Pittsburgh, Apr | 1952 
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Fig 3—Ettects of aluminum phosphorus, and copper 
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4—7 pct nominal aluminum alloy 
woter quenched after an water quenched after 6 hr at 1200 C 


23 pct nominal aluminum alloy Fig Fig S—25 pct nominal aluminum alloy 
quenched after annealing 2 hr at pressed 70 pct 
1250 C Typical serrated « grom structure nealing 50 hr at 1000 C Structure shows Structure shows plus transformed 
alloys quenched from the phase treld mixture of isothermal plus transformed Etchant 2 pct HF. 3 pet HNO. in woter 
Etchant 2 pct HF. 3 pct HNO. im water Etchant 2 pct HF, 3 pct HNO im woter x250 
x25 x250 


Fig 6—8 pct nominal aluminum alloy Fig 7—273 pct nominal aluminum alloy 
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Fig 8—34 pct nominal aluminum 
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and Etchant. 2 pct HF, 3 pct HNO. in TiAl phase characteristic of alloys quenched showing the appearance of the 
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jue lummnation 


Lattice Parameters of the Alpha T: Al Phase 


Temperature 
Quenched 
from, 


Aton: 


Table Ii! Lattice Parameters of the Gamma Ti Al Phase 


Temperature 
Quenched 
from. “¢ 


Atomic 
ret 
aluminum alloy as 
vidence 


reac 
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e . 
‘ a 
‘ 
q Fig 49 pet 
homogenized at 
and water quench 
structure shows 
TiAl platelet 
tres Etchant f 
HNO pet HF O 
‘ +} the ‘ ‘ hor eT ed 
" ’ \ 49 pct A suenched afte 18 } + 1000 C and 
tn the tated from th turated v pt e. Giver 
t! \ euled Widn tiatte precipitatior 
‘ t i pct A bule The atte ‘ ‘ med 
\ t rn phase the peritectic reaction melt — TiA jue t 
f ' \ the tion the ir nd were not 
es ti f the ins matrix of TiA The 
vit ed duri the anne nd represent platelet 
t ete pitated from the turated TiAl, phase Tt 
‘ hor —" ‘ that tain hon eneit’ nee 
‘ ‘ the i cust scture vith o1 nd 62 pet 
bis t these high temperature \l. F and 14. Fig. 14 exhibits prin plate 
7 
— 
‘ ‘ 
Fig 13—6! pct nom 
ast Structure show ‘ Din 
TiAl motrin giving 24 
etched Polarized hight 
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Fig. 14 


62 pct nominal aluminum alloy as Fig 15 
cast Structure shows two plates 


64 pct nominal aluminum alloy as 

sur cast Structure shows primary TiAl 

rounded by peritectically formed TiAl rounded by aluminum im the gram inter 

which im turn surrounded by low melting stices Etchant 60 pct glycerine 

aluminum in the interstices Etchant 60 HNO. 20 pet HF X25( 

pct glycerme 20 pet HNO. 20 pct HF 
X25 


sur 


pet 


Fig 16 ‘left Lot 
tice porometer com 
position curves for 
alpha solid solution 
alloys The 
ordinates are wn 
Angstrom units 


Fig 17 right 
Lottice parameter 
composition curves 
for gamma solid so 
lution Ti-Al alloys 
annealed and 
quenched trom 
1200°C. The ordi 
notes are in Ang 
Strom units 
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y 
j 
/ 
; \ 
) 
q 
¢ determination ol 
i inded by peritectically formed TiAl, which in : 
confirt i the met ohse tior Ey 
The lentification of thé and TiA 
phase was aided by the highly different cl 
e vith tin nit vy of the 
te tics when examined under polarized light \t ; 
iminum content } by than that of the mA a 
i pr i ounded by ow meiting 
é nave beer jenched tron ¢ nodieatit 
that thy the « ‘ } 
temperature ‘ thy j i, i; nefort 
t ! cannot be i ‘ edt jenchit 
na phase It was also af ..te 
iy ed letermine whether the ‘ ye The data shown ir 
were obtained ent meltir nd 
therma ini method tend bend ‘ The 
lus curve Vs that iminut iditior lowe 
\ imma of the ttice parameter measure- 7 
re hie phase ven in Table IL. A graphi sj 
presentation of the effect of aluminum additions or \ pt 
n pe of the 1 Vhict 
the rete of the hen ] 
Pala ‘ ( ¢-packed 
n excellent ivreement vith the 
af init iit Of allo with 39, 45, and 50 pet A letermined | 
the dimer of the titanium lattic gee er! i Fig. 1 \ vid i : 
it ty oni? thy curve ppea to flatter off i rhe pe ‘ ‘ elt 
temperat ‘ ‘ 160 C hetweer 
ent The m ked educed ope of the para } i a } ‘ \ apt 
mate + and $5 pet A ‘ 
one 
: field as shown in } 
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Fig Melting 
ranges for the T. Al 


system 
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arply 1 be Ail and 
Summary 
rhe 7 Al phase liagram Wa jetermined wit! 
, vs from 0 to 64 wt pet A The principal teature 
the are asf A 
ey 
peritect eaction, melt =< betwee! 
$5 and 38.5 pet Al at approximat 1460 ¢ 
; 2 4 second peritect eactior melt <2 TiA 
hetween 60 and 64 pct Al at 14340 ( 
A peritectoid reaction, ; = etween 29 
nd 34.5 pet Al at aj ximately 1240 ¢ 
ited a on quenching 
The it t mit of aluminum titaniun 
t ‘ ture er 
: 24.5 pet at 900 ¢ The maximur it tv of 
sluminum in titaniul $5 pet at ( 
minum and level off near the il tv limit. X iy 
the ( 
neohat nd 
The phase ff variable composition, fron 
t 680 pet A ry the iu nd f at it 
$4.5 pet Al at 800 C 
ests 8— The phase ha n ordered face-centered 
tetragonal lattice, with a! t ‘ et nity 
and based on the com} tion TiA Increasing 
iluminum content increases the ut ghtls 
9 -The hardne f a i solution a 
eases with the addition of aluminum to titaniun 
4 4 
a The » phase has a minimum hardness at 36 pet A 
vhich increases with further,additions of aluminum 
: eaching a maximum at the compositior MA 
cached at 25 0 
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Compression Texture of lodide Titanium 


The compression texture of todide titanium is determined and 

found to consist of a |0001| texture rotated 15° to 30° from the 
axis of compression. As the amount of reduction increases, the angle ( 
of rotation decreases. The 0001 rotation showed a slight preference : 
fora -_1010 rotation axis. 


texture of titanium was exam- 

Yen His re t howed titanium to ex- : 

ial [0001 | ire up to 85 pet reduc- , 

At higher reduction a double texture appeared ~ 
h the 0001 planes were rotated from 10° to 

ion. This change in - 

re seemed unusual since the om 

hexagonal close-packed metals is to : 

[0001] texture as the idea compression % 

nical twinning generally occurs ove! 


beginning at a 


Yen in h In igation 
methods. Compression in a 
»a reduction of 85 pet = 
| m rolling wa ised at 
Since the change in texture oc- 
reduction ange in the 
on, a connection between the 
To check hi ibility and to 
tion of the lange ir xture definitely 
: found to exist, the comp! ion texture of 
f the 0001 planes found in th oa oe ‘ n iodide titanium crystal bar (99.9 pet Ti) pro- 
the New Jersey Zinc Co. and donated by 
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we nvestigation of the cold rolled texture TI 
a titar im Na hown this metal to exhibit a ined 
new type of ing texture. This texture can best be hibit 
oni 
jescribed as a (0001) [1010] with the 0001 plane ton 
otated approximately 30° to the transverse direc- mv 
tion u ind a i010 tation axl Rather good re- 
the 
it nexplaining the « texture have been 
tends 
btained by othe worke by examination of the re 
tensior nd compre n texture ap) 
textu 
N nformat was found giving the tension tex- ; , 
a considerable inge of reductior 
ture of titanium. Generally the tension texture of a . 
the A ecduct 
iit Wa 
ecImen 
° . : 


Fig 3 100! pole figure 
pressed sodide titanium 


reduction 


1 pole figure of com 
rolled wdide titanium 


98.9 pct reduction 


Titanium 


Kelative 
Intensity 
of 


Mastmuam 
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~ 
BO! pet 
Fig pole tigur m 
wdide titenium 241 pct 
‘ 
F 
fide titannum presse 

pct reduction 
ht | | il iX 

€e ved ither 

t 1 The t secona 
tre ‘ cat Kea, | \ 
A os ed thon pe Wa ised 
eductior \ ‘ vere tated completely 
T) 
nd the con ‘ ‘ vice. The com- 
‘ ‘ ectior 

‘ ' t ‘ ipped (see 

1 ext lue change in 

‘ thor ted im- 
Tit ‘ i i i 

Effect ot th mpression Texture of ihe 

Hetween fore all X pecime were ker he cente 
Maximum and eeced sample. Although tl 

tion nck ible erme e bar 1 

¢ +) 
‘ X-rav examir ‘ 

ple ie wit North Ame an Phoily 

Goniomet nit id The 
met} f ef ‘ leterminatior 
t! method. Transn n specimens of approxi- 
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o 


diameter of pole figure 


Fig 5——-Comparison of 000! patterns of 
compressed titanum 343 pct reduction 
atter various methods of specimen prep 


aration 


Experimental Results 
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i HE HNO Ho t Une n et of 
thy eflect nm met The ‘ n betwee 71) nal 
‘ pped 1 se ed meal ‘ t 
the tu Re vere i, | 
‘ | 
plane vere me ‘ mple. Readu \ 
‘ ‘ | 
j ifthe } e Fig ‘ The data taken f 
X tter? nt ed dire t it \ 
tere net tte riter t oct | 
| i ‘ ‘ i ‘ j 
‘ nds to the ime mipre is 
ntensit centered on the axis of 
on ‘ or 
On ne quadrant of the pole heure plotted 
i r ead im « ‘ i vere er- 
aged with the lata f m the quadrant plotted Thi 7 
pole figures f the 1010 and 1011 planes were used . 
i CNeECK mn the accurat f the 0001] pole ts t and the compre na for eact eduction 1 iven a4 
Or the OOO1 pole figure are included in the pape n Table | The maximun nter t eceul at an o* 
The 1010 and 1011 pole t t pported the 0001 ut e of rotation of 30 t low eductior and at 7 
| ef ire ery well and also showed a geht ae ut an angle of tation of 17.5 it 98.9 pet reduction -. 
Ne lefinit mum existed in the imple com- 
mat 
bsorption. the readings were compared with those ceable hese pole figure 
btained from the reflection patterr in the , he low in ‘ a e center of the ‘ 
‘ n, and a uniform correction was apphed 
of the ooo) texture wl nh isually 0 dered j 
to make them correspond. The final reading were consid i 
} mone ‘ ] ] 
they educed so that ead fell within the the ideal compre n text for a hexagonal ciose- 
met } ‘ f re adi 
‘ ‘or inter t\ rit the maximum ha packed il The ‘ l gion indi 
om cat +} ome tvne f twinnit vil the 
in intensity reading of 50 units. These reading on 
‘ woo ‘ thre iy 
tted in the ire usi! five de Pes pol teu 
Ot blank: 101% The method used in plottu the pole figures in 
init dotted 20 1 init le rir 40) i | i elative inten 
tv of the maxima of the imple ( ected max 
init mediun nit nad 40 t ur na 
nit The positior f the maximun eadir tie cu are now 
hown bv a dashed ne when a definite maximun lable I 
t rhe figure given in Table I for the relative inten 
letermine the elative trength of each max 
+} +} t} } mrt ha 
is adjusted to e a constant total inter mse f ‘ ‘ ‘ ple howed 
ove thy nge examined. The n nten- Wil ised 
then measured f con n with that of ‘ ‘ ‘ } l. arose 
the deformed ‘ mented struct e of the metal 
thie imple 
\ second patter ng from a large block of rela- - 
a tively undeformed metal, was not included in th 
} f the 0001 pole ives found for compressed ole figure. TI tterr wed the usual shar} - 
ry ‘ n 1 to 4. The texture pro- t nter t lit ofa in area. Or 
} mpre or nnot be distir hed fror the ntenait fror the f t pattern were 
that cor ‘ The gene ed in « ectir the ntensit distribution f a 
+} texture the me in each case nstant total 
0001 planes from 15 t 0 away from the pla! ple compressed t 43 pet reduction. The X-ra 
more n. Examination of the 3 @ { ire pecimer ¢ + ample vere prepared by three 
that as the reduction increases the angie ot ‘tat methods. The na mple after compre on had a 
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{ tcl the ar Examination of the 1010 and 1011 pole figure f . 
If i cor fered t ‘ Kimated 
the text ‘ P tert Yer 
‘ th that deterr ned t 
; Compre t ammpole with t different re 
adi initirates that 
ef ire letermined 
‘ ine found in the init eductiot 
ry nit ‘ tine the neo m the 
ot phe a i 
‘ m lecreased W ‘ ed ed 
found at a reduction of 98.9 pect 
‘ ‘ tend DYN rer 
ths eriece th ‘ ‘ tiie ‘ 
7 An equilit ir pe ter e deve ed by in- 
teract n of na Vii 
1” no 1?l twinni ested 
ha distinct Ooo] ind and 1a 
vy 
: that the ‘ tex The authors t! pportunity to thank 
‘ taut ‘ roteer thy | tor in Alloy M ifa he Na- 
tir hetween the tahle end 
ts of nd twinnit A movement of th References 
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boundaries 
ffect on the deformation in the grains. Hig) 
iminum was used to avoid complication 


econd phase, inclusions, et 


Experimental Procedure 
A small vertical nichrome wound furnace wa 


bu to permit direct loading on the test specimen 
rt furnace is capable of operating up to about 
1300 F wit eu le temperature distribution 
a ind clar rtz window, 1.25x0.5 In 

nbedded in t stainless steel tube to 


creep process with a 


mi cope An argon atmosphere was provided to 
prevent oxidatior The juartz window caused a 
temperature gradient between the back and front 
irface oft the pecimen of 15 at 700 F The tem- 
perature gradient could be cut down to 3 F along 
the eneth of the pecimen by adjusting hunts 
‘ the f nace Winding 
An ordinary metallurgical microscope with a 
vorkir distance of 14 mm was rebuilt so that it 
ild be moved in three mutual perpendicular 
lirection \ ial examination could be made with 


either a 30X% evepiece or a 15X filas evepiece Using 
| mm and a numeri- 
nification of 120X 


High purity aluminum rated at 99.995 pct wa 


d by the Aluminum Co. of America as *« in 
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Observations of Creep of the Grain Boundary 
In High Purity Aluminum 


Fig. i—Macrostructures and dimensions of specimens 
Etched by Tucker's reagent. X18 


od It was first machined to '4 in. diam rod, and 
\ Cu, 00017 pet, Fe 
s Me 0 pet Ca, N 0.0006 pet 


then the gage portion was further machined to 3/16 


in. diam. The ends were 'y in. diam and threaded 


to fit available specimen holder Two opposite flat 
urfaces of the gage portion were obtained by mill 
ing iving final dimensions of the gage portion of 


3/4x3/16x in 

Machined specimens were first electropolished in 
Jacquet olutior Reference marks were pro- 
a thin sewing needle into the 


duced by pressir 
urface of the specimen, The pecimen was then 
annealed at 900 F for 24 hr and at 1150 F for 12 hi 
Typical macrostructures of specimens treated in 
this manner are shown in Fig. 1. The range of the 
grain size was 1 to 5.5 mm (see Fig. 1), but most 


of the grains were of 2.5 mm and went through the 
whole thickness of the specimen. The specimen wa 
re-electropolished and etched electrolytically to re 
veal the grain boundarie In order to reveal the 
orientation difference of the grains, etch pits were 


produced on the surface of the grains by etching i 
a mixture of hydrochloric and nitric acid (HC) 
45 pet; HNO,, 10 pet; HO, 45 pet, by volume) 


The specimens were very care 
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4 
Pye P studies and measurements in most in- : \ \ 
tance ire based on a relatively gro gage 
the mechanism of creep, changes were followed by 
means of X-rays and metallography without regard 
for the behavior of the individual grains and grair 
boundar. Analvtical studie of creep have tre 
iently indicated that more than one competing 
proce operative and that the ultimate creep 
performance depends on the effects of temperature 4 > 
time, and strain rate as well as grain size“* The 
grains and grain boundari ire known to respond ; 
iifferently to these variables but the extent of the 
esponse t little known, especially poly- : 
crvsta ne materia ere the re lative or rentati n i 
of grains and grain boundaries are important : 
This pape eport me experimental observa- 
| 
| 
Mee fully put into the 
holders and furnace: vet even with this care. fins 
lip lime were developed on the pecimen irface 


Results 


Boundary Ship and Migration 


urtace showing the steps 
Etch pits put 


rain bound 


Fig 3-—Specomen P 8 Creep deformed surtace showing the grain 
boundary attracting effect of the needle point indentation and the 


the bottom grawn X5 
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wa 4 Te t} tt 
the conte f the field nderwent t 
d nt ind t ild be the fer itior ne f 
hot sses Land F ws toldime 
| 
- Fig hottor mon yme trield as Fig 2a repolished 
ubgram structurc 
RNAL OF METAL NE 
: 


Fig Sa—Specimen Detormed surface showing boundary sliding 
and migration around the triple points Thickness of the shadows 


produced by grain boundary sliding suggests the relative amount of 
sliding. Note the subgrain formation im the top left field X5 
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Fig 4—Specimen Creep curve between two reference marks 


across a gram boundary, see Fig So 


bounda 


hadow 


Fig Sb—Specimen P.8 Same field as Fig Sa repolished and etched 
Initial grain boundary disappeared, final grain boundary remained 
Crater like regions are etch pit locations seen in Fig Sa 50 
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the tw iiferent ned etch pits rresponding 
ets 
¢ 
thout be ent. TI fact that the i t I ther items are of considerable interest. The ; 
ent ind t t t the re t tent f in t ind Ling evidenced by 
te t th i thor the thickme f the shadow whict cast by an 
It nt t to note that the irse of iit thus shown in I a, tt me still 
bou t tlected the existence n evidence n | afte epolishing th 
thee le rig f the ling me effect best bal i n formation in Fi 
Referes rr tuced Dv nee pont t hit ma tion were 
nd << tote exerted the me Tect n bounda ‘ ‘ it wee e stey a function of time ~ 
i i f 
how | ‘ ind th er t e intersect ee} ite Phe pe 1 of n boundary sliding 2 
point of | t nificat f illed wtive bounda fit period 
I mi i the tt vil othe tte be ad be called boundary 7 
et irface). the positior ‘ tion pe 1 period of time. bound 
4 it Note It ild be empl ed that in } h temperature 
that the not i th the new etch pit eep a in boundary tuated in a favorable po _ 
the irf ‘ the creep test nd constitute ‘ entia all of the 
ing’ noted mary creep, ‘ ‘ nterior of the 
( A 
GTH 
: 
4 . 
- ‘ 
ea 
JUNE 1952, 


Higher magniticats the lower triple 
steps of boundary sliding 


nigraty 


Effect of Boundary Sliding on the Deformation of Grains 


7b—Specimen P.3 Same tield as Fig 7a repolished and etched 
Folds cannot be revealed by repolishing and etching X 106 
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ig 
ised by boundary had a 
serit ich Valle ind ine pa 
treat int the wav f m the } ind this 
it int f bounda jing increased 
t Fig howmg ie the the i bound 
' 1? » and 10t ilthough rey duction f the miu 
apt mav pe biv ot ire thy } thy 
The ridge valleys of I and 10 
: ind espond complete th the faint line f F 
j ‘ It nterestir note ‘ 10 that the 
3 nel ant inda tins re ‘ 
the } posed by Ke the } intears 
‘ } thot i, of the he nm } ind 
+} irface did th case the fected ea it O2 mn 
‘ each le of the 1 bounda 
j It} berger wn that the effect etchis on 
} +} ference f tw re 
4 \ 4 
. 
ae 
@ 
» 
° 
4 & 
Fig specimen Fold tormation the eft center gram Fig 
by fing of th pposite boundary X 
622 JOURNAL OF METAL NE 


Fig 8—Specimen P § Fold produced by sliding of the opposite 
grain boundary cowsing pre existing ship lines to be rather sharply 
bent through this fold X10C 


Discussion of Results 


ditior of stre 


Specimen P.3 Subgrain formation by bending around the Fig 9b—Specimen P.3 Some field as Fig 9a repolished and etched 
triple point in the lower left grain X100 Subgrain boundaries only very faintly revealed around the triple 
pomt im the lower left gram 
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ridge \ f Fig Ib and 10b were quite 
en 
+} igh th kind of t ind tv pe f : 
the proce of nd tir ind atior li 
i ta r bia a 1 Wa ined \ A 
hing and etching a heavily i grain bound 
The etch, | lb, been i ided t how 
j ire ‘ int ‘ cu 
f ducit +} In compa mn wit 
eneou i iid 
be empl ed that wheneve n iting boundary definitely established from the results presented bs 
ern inite tch, etch pit needle mark, it ma\ ibove that irfuce ‘ ilaritie exert nteresti 
howeve t on become effort ar ndars mind on 
‘ j ‘ aor f there ire? ich d turt ind that these ite \ nto the 
rt ettect t phenomenor thickne of the pecimer 
fre nd minently in the case It wa bserved that the part of 
f heavy { boundari The effect could also be the migrati iim boundary near an etch pit - 
caused | ' isions or other defect move ihead of the rest of the un boundary at ; 
the fore ie of the etch pit When the balance of aes 
ee the grain boundary catches up with that portion at = 
which these high purity iminun pecimer were boundary at the etch pit la behind in the migra i 7 
ibjected u eel nt indary iding and m thor proce ind appea eluctant to leave the 
ind the ‘ iltant def mation in the grair etch pit vicinity. Fig ‘ and &) Tr 
nitiated nt inagary ) are the alent ild est that thie boundary “ 
feature f cree; It enera agreed that the lowe irface energy positior n th cause, om 
il! t ind te turi creet howeve offered by the etch pit 
un bound n ition as a phenomenon during From the results given above about grain bound j et 
eet } Deer bserved only very ecent a tir and mugratior rea ed that t 
While the fact vhich govern and influence the proce i highlv cooperative one, especially wher | _ 
mount, directior nd position f grain boundary everal triple points are involved acre the cro 2 
7 
jing and migration remain to be investigated, it ection of the specimen. It was observed in general : 


a* ltd 
bending around Fig 10b 
undory x etched Final gram boundary becomes angular, subgraims revealed 

by electroetching after repolishing x 


lished and 


Specemen P 8 Same treld as Fig a rep 


oundory and b— Sketch to show more clearly ' the grain boundary 
and subgrams 


riginally strarght 
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i j eve ed ‘ t ‘ 
t tte Ca erie . 
th the entatior iiffere ‘ Tect 
wl hed j act i i i 
| tior i bserved {te eved t mportant ole 
Tr vend hy mnnea let t t 
‘ i 
t i f ibgrair nd nee tw t The tt ine teful to the Bureau of Shy 
te i ? th thie sit ttice bendir ind pre ed t the \lur num | \rne ca te i} 
ibsequent sul nf ation F Lib) piving the mate ind 1 G. Bucklit nd 
heln to ex n the behav of the References 
} j i thie ( ysta ot tir du ni W , W ndG. RW Mi Creey 
‘ ed } Cahr na Ch f Met t Met 1449 75. t nu 
ry of creet te wa the A.W i A KR rae The Me ni 
4 G Bo Greer t t The Me 
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Partial Titanium-Vanadium Phase Diagram 


Titanium and vanadium form a complete series of solid solutions 
at temperatures above 885°C. Below 885°C, vanadium is slightly 
soluble in « titanium ‘about 1.5 pct V at 650°C) and a two-phase 
plus 6 region extends to 18.5 pct V at 650°C. The alloys up to 15.0 
pct V transform into a supersaturated « solid solution upon rapid 
cooling from the “ phase. Above 15 pct V the © phase may be re 
tained. The temperature at which the © to « martensite-type trans 
formation takes place decreases steadily trom 850°C for 05 pct V 

to 325°C for 12.7 pct V 


nd 0.0042 pet 
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ele ents that have a bodyv-centered cubs truc- Imited, und al ntermet pl exists near the 
ture at all temperature namely chromium, vana- toichiometric Composition Ti It was found later 7 
jium, nm bdenum, « imbium, tungsten, and tan- that a continuou ere f i tions extend AE 
talum, fult the conditions required for the exist- a the diagram at higher temperatures, and TiC: — 
ence f mplete series of solid solutions with the forn t olhid state reaction It became apparent - 
high temperature (8) form of titanium. Up to the therefore that complete ibilit vould also be 2 
present time mplete ibility at temperature present in the Ti-\ tem. The present i estigation By 
the t trans! mat ! f titanium has beer conhiin tl t t 
erved in the systems Ti-M Mni-Cb, Ti-W, and The dide-refined titanium used in th nvestiga . 
I i The tw emainit clement Vanadium and tion Was puret ed from the New Jersey Zine Ce - 
hromium, have atomic diameters which are not a New York. According to the manufacturer, a typica : 
near t tof titanium as the atomic diameters of the analy { tl I duct is @fizmzmt Mn, 0.0022 pet 
f ther elements. Bott e smaller than titanium Fe, 0.0015 pet Cu, oii Pb. The Vick : 
nd the difference, expressed in percentage of the hardne number (10 ke load) of the erystalline ba 7 
titanium ator liamete 12.3 pet f chromium varies between 55 and 80. The vanadium metal wa 7 
nd 8: t for vanadium. On this basis, the least purchased from the Westinghouse Electric Cor; 
fu ble conditions fe olid-solution formation are Lamp Div... Bloomfield. N. J. The purit f this metal : 
therefore ef intered in the Ti-Cr svstem. The earls is probably above 99 pet V. The oxygen content must . 
A k on the Ti-Cr svsten evealed that up to about have been quite low nee a bar about '4 in. squa a 
‘ iid be cold rolled into a bbon 0.020 in. thick 
ide of the diagram, the titaniun 1 was machined : 
nto cups lem in diam and about 1.5 em high. Pieces = 
of Vanadium, of the prope Ne nt vere cut from 
the square bars and placed within the cups prior t co 
meiting. On the vanadium ch end of the diagrar 4 
ngle prece the metal n the prope weignt - 
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. SCS c—10 pet V quenched trom 760 C 
and 
minimum concentratior f vanadium nect ary to indicated that these alloys we 7 
tabilize the 8 structure is therefore approximately 650 C and the 0.5 pet V alloy a 
14.9 pet. When quenched fron othermal aking tion after the 760 C heat treat a 
tempe tures below the transformation temperature on the other hand, the alloy « e 
f pure titaniun the mucroconstituent assume in the a plus @ field at 650 C, 1 ; 
characte tic appearances depending on whether o » and « plus § was traced tent : 
not the eau t im ; it temperature transformed Fig 4 
erthe n part entirety. afte Deine juenched Ht Tra format Bex 
wate Fig c¢ show i 10 pet V alloy that wa taining le than 149 pet V t 7 
wate suenched aft eceiving a thermal treatment pe t ited Od 
at 760 ¢ Here the equilibrium £6 ha pe 
pon quenching. The same alloy, q 
650 ¢ hown in Fig d At 650 C, liu thern analvsi 
content of the equilit im 8 is greater than the crit- The method for measuring tt 
cal composition nece arv to retain ; 4 5 pet V perature at very fast cooling 1 
illov heat treated at 650 C 1 hown in Fig eA tially of heating a small sample ms 
n Fig d. the dark etching « titanium ts in equill thermocouples are spot welded 
t im with the light etching ; by means of a jet of helium, and record || E 
On the ba of the microstructure of the alloy perature \ GEE urve on an oscllog 
‘ esponding to the symbol hown in Fig. 2, the 1) ee in his study of the mar- : 
boundary between the a plus 8 and the 6 flelds wa tensite arrest in carbon steel has been more re- : 
traced a hown in the same figure. Th t ndat ent pplied to titanium allo, ind a description 2 
equired by the X-ray diffraction tested and 
above) thermal arrests were records of : 
Although no exter ve tudvy was made in the cooling in the range of 180 t For es 
inge of 0 to 2 pet V, the limit of ibilitv of vana- the allovs containing up to 12 le- 7 
jium in « titanium was located approximately. The RE est was obser: nit 
mic tructure of alloys containing 0.5 and 1 pet \V Eek (estimated to be 4 C), the 
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Effect of Zirconium on Magnesium-Thorium And 


Magnesium-Thorium-Cerium Alloys 


Data are presented in this paper to show that addition of zirconium 
to sand-cast Mg-Th alloys effects a marked decrease in the grain size 
of these alloys which is accompanied by a significant increase in the 
mechanical properties over the entire range of thorium content inves 
tigated. The beneficial effect of zirconium on the strength properties is 
maintained at elevated temperatures up to 700°F. In addition the alloys 
exhibit exceptionally high creep resistance at temperatures up to 600°F 
Zirconium does not greatly improve the strength or creep characteristics 
of extruded Mg-Th alloys. Cerium is not a desirable addition to Mg-Th-Zr 
alloys. 


Effect of Th on Solubility of Zr in Molten Mg cluded u 


Sand-cast test bars and 


of Mg-Th-Zr and Mg-Th-Ce-Zr allovs* were pre- 


diam extrusion billet 


metal-Zr alloy 
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juced effectively t the addition of zirconium. Re an alloving ingredient. The acid-insoluble 
t f a detailed study of the properties of Mg-Th- content anged between 0.03 and 0.16 


n Table I and stands in agreement 


observatior of Ne n and Strieter on 


it Effect of Zr on Grain Size of Mg-Th Alloys 


Ene ‘ 
The potent effect I irconium a a 
pared ac ir to the procecure jescribed in the ha been demonstrated for many t 
t pape The cor ! Na added in the ‘ alle Of greatest importance 
‘ f sponge metal a ipplied by the Bureau of Mv-Zn-Z alloy and Mg-mi chime 
Mine “ Zirconiun na also been fe 
The maximum amount of conium that i ma i n-re ction on Mg-Tt 
can be introduced into magne im at the customary the Mg-Th-Zr allovs cast in the form of 
ng temperature of 1350 F is about 0.7 pet. The test bars have an exceedir fine gra 
ina es in Table I clearly show that thorium in- 1). Reference to the previous paper 
T E LEONTIS. Member AIME, is associated with the Metal aes iry Mg-Th a contall pt 
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Midland, Mich reduced section of a test ba ind tha 
Discussion on this paper, TP 3273E may be sent, 2 copies, to Th allovs have an « ixed iin st 
AIME by Dec 1, 1952. Manuscript, Dec. 5, 1951. Philadelphio to 0.08 in. The data in Table I also show 
Meeting, October 1952 tion of cerium to Mg-Th-Zr alloys ha 
The work reported in this paper was performed under the spon thy rair ‘ In addition t nereasir 
sorship of the Office of Naval Research pertic the fing ait re of M 
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eV is pape it wa hown that addition of crease the olubilit of irconium in liquid mag- 
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Analyses. Grain Size, and Heat Treatment of Mg-Th-Zr and Mg-Th-Ce-Zr Alloys 
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Mechanical Properties of Sand-Cast Alloy 


Table Tensile Properties of Sand Cast Mg Th. Zr Alloys in the 
As Cast and in the Solution Heat Treated Conditions at Room 
Temperature 
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Analyses. Pet 
‘ 1 
Be te Cast 
‘ 2-4 OF 2 
i 
‘ iffer no grain growth up to 24 hr heat treat 
‘ enera nm ff nd ment Alloy lows +} im content increase 
grau e with increasing time f heat treatment 
T 
bserved the cast The value pound in alloys containing uj 4 pet T Thu 
this awl che ver ir Tat ‘ I 
t me range of th m content In the case of the extruded a t was found 
that the increase in grat ‘ iffered t each com- 
Heat Treatment ndevendent of heat-treating 
: ‘ trea time and temperature f eacl time between 1 and 24 h Ace ling the extruded 
Fable I were selected on the ba f three i were heat treated as shown in Table I in orde 
fet trot oman to achieve maximum solution and alescence of the 
t ind escence of termeta ntermetallic compound. In general. this can be ac- 
terri t ‘ f eact i ‘ fete than in cast a f equ silent compositior 
‘ wert btained or ype are ised t lepict the va nditior of heat 
nt « different naditiot l--as-cast, 2 treatment 
‘ t i heat treated at 1050 F (16 hr), and ‘ 
t tea fditior f i niun the r5——Direct age at 400 F (16 hr) 
' te temperature f Me-Th from 10 t T4—-Solution heat treated as given in Table I 
12 F However, there appears to be a decrease 6 165 he) 
ne wa Tensile prope es of sar ca Me-Th-Zr alloy 
¢ wherea t hape test ba without machining the irface 
lieate that in the cence ind according to the methods described earl 
t} balit vs between 1.84 and ; The pronounced strengthening effect of thorium over 
‘ ‘ 7 al ‘ nag nt decrease i wide temperature range clea wn by tne 
ivy thy } t Fig and 2 The lecreast tensile 
except tl e contain trengtn at om ture n higher thoriun 
vere heat treated | ived intermetallic compound. Th also re- 
: flected t the wecreasing ¢ negation wit! 
e< after heat treatis at the nereasing thorium content. Comparison of the data 
how that Mg-T 
if it 1 fii Mi Ce 
2 
TYs< 
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in Fig 1 and 2 shows that the strength obtained in mportant obse ition to be made from the data in 7 
the T6 conditior decidedly higher than that of the Table IV that the ncereast mn room temperature a 
ame compositions in the T5 condition at ali ten trengtl ealized without any sacrifice in ductility - 
perature rhe om temperature tensile propertie As a matte f fact, the elongations of alloys with . 

for the as-cast and the T4 conditions are given wer tt im contents are increased markedly by * 
Table HI. It evident that Mg-Th-Zr alloys exhibit the addition of coniun ‘ 
a much greater degree of age hardening afte ou The elevated-temyp it ‘ ter ie propertle ot J 
tion heat treatment than is obtained upon direct and-cast Mg-2.5 pet Th-0.6 pet Z n the as-cast a 
aging the as-cast material. In order to illustrate the tate presented | Sauerwald are mewhat lowe - 
beneficial effect of the addition of zirconium to Mg- than those obtained on Mg-1.84 pet Th-0.82 pet Z1 . 
Th alloy the propertie of Mg 4 pct Th-0.94 pet nthe T5 condition in the present inve tigation. Thi 
Zra are compared with those of the binary My lifference may be ‘ t of the lower zirconiun : 

2 pet Tha y taken from the previous paper u content of Sauerwald On the other hand, the : 
Table IV. The 3 pet Th coms ition has beer elected difference n y be sre ilt of the aging treatment . 
t tl compa m because it appeal! to be the ised in the present work which has been found to on 
optimum composition from all consideratior The increase the m temperature trength of these a 
addition of irconium enhance the propertie ovel comp t ! bv the ame amount ; 1 repre ented 
the entire range f thorium content investigated by the difference between Sauerwald’s and ir data : 

howeve the increase i trength is considerabl at elevated temperature : 
greate n alloys containing up to 6 pet Th. Anothe Creep tests were conducted in the same manne! 

as Gese bed ea el and the ilts are presented 
tained by interpolation of log stre log extension 
— plots of the nal data 
1—Creep limit based on 0.1 pet creep extension In ; 
2? Creep limit based on 0.2 pet total extension in ‘ 
' TYs* Ts Ts ' TYs* 
Creep limit based on 0.5 pet total extension i a 
194 pet Zr 4 M2 192 The curve n F and 4 show the increase 1n 
creet mit f Me-Th-Zr allov with increas 
‘ +} ntent nificantls highe creel t- 
— = 


Tensile properties of extruded 


Creep limits of sand cast 
TS condition 


sand cast 
Th Zr alloys T6 condition Th Zr alloys 


aditron 


Table V. Tensile Properties of Sand-Cast Mg-Th-Ce-Zr Alloys 


emperatare Room Temperature 


endition 
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‘ 
2. 
Fig Creep of 
Th Zr alloys T5 « 
Vition than in the T5 haracte rhe retentior } } eel 
to M Th tance in M a 500 snd 600° F ft, 
+} ‘ tance at 400 nd thy idit cor m and the attendant gra 
exented in th The effect ‘ ‘ ‘ thy 
‘ tat il at ‘ i” ‘ i ‘i ‘ i i i 
te 600°} hown by the data in Table V. where the correspond 
that these ire fime ney perties of M ct Th-1 pet Zr and Mg-6 pet 
‘ ret et Pet Pet ret Pet 
1 onditior 
Iemperature Room Temperature woot 
re Pet ret ret Pet Pet 
tT tT ' Ts. ' Ts ae TY¥s tT 
‘ ‘ ‘ 204 2 


Fig 6—Tensile proper 
ties of extruded Mg Th 


Zr alloys T6 condition 


Fig 7—Compressive yield 
strength of extruded Mg 
Th. Zr alloys at room 


temperature 


600 k 
Meg-Th-Z 


the 


Mechanical Properties of Extruded Alloys 


n the extruded sti 


Table VI. Creep Limits of Sand-Cast Mg-Th-Ce-Zr Alloys 


100- Hr Creep Limits psi 
woe 
Extension Extension Pxtension 
Pet ot Pet Pet o* Pet 

Creep Total Total 


endition 


Condition 
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| 
| 
| 
. 
/ 
. 
1, 
L 
mewhat lowe trengt! than the respond 
Mg-Th-Zr a 
Test ba {M Th-Ce-Zr a \ for creep test 
/ were also machined in the reduced section in ordet : 
to eliminate the nternail oxidized zone For these 
tests, however, the ba were machined to a dian ny 
eter of 0.450 The creer mits obtained trom thes« 
ee tests are compared with those of My pet Th 1 pet : 
Ws Zr and Mg-6 pet Th-1 pet Zr alloys in Table VI. Ir 7 
ome Cast where the imits of the Me-Th-Z 
leviate markedly from the trends established by the ye 
complete ‘ ‘ of alloy the value given in Tabk . 
VI are those read from the curve nstead of the 7 
actual experimental determinations on the ticula 
ai alloy. In the T5 condition, cerium increase ome | rae 
what the creep limits of Mg-Th-Zr alloys at 400 F t "4 
particularly those based on total extension, but ha 
, miticant effect on the « esponding Value it : 
The educed set n f te ba of Me-in he T6 conditior lw cree, ‘ ince of 
wf machined to 0.375 in. diam and the alloy definitely impaired by the addi = 
‘ neatior yas mea ed ove 15 in. gage length tior f ceriun Ar 400 F. th manifested only in ; 
Machining the irface of these alloys is necessary t me creep limits based on creep extension, which a 
eliminate the one of grain boundary « <idation that incident! ure the juantitue most closely elated a 
| 
occu juring heat treatment. Cerium effects some to creep rate. In general, the re ts presented here Reis 
ncrease mn the trength propertic in the T5 condi- how that ceriun not a desirable addition to My i 
tion, Dut the increas accompanied by a drastl Th-Zr alley : 
decrease in ductilitv. particularly at room tempera 
from the additior f cerjun in fact at the highs Properties of the alloy PC : 
temperature the cerium-containing alloy have determined on '» in. diam rods extruded from 3 1 : 
Acid 
Th soluble Pet 0.3 Pet 
Pet Pet Zr. Pet Creep 
2% 23 22 


Fig 8—Creep limits of 
extruded Mg Th Zr al 
loys condition 


Fig. 9—Creep limits of 
extruded Mg Th Zr al 
loys T6 condition 


in. and 

t} 7 Table Vil Tensile Properties and Compressive Yield Strength of 
con 

22 : Extruded Mg Th Zr Alloys in the As Extruded and im the Solution 


+. tr 
Heot. Treated Conditions at Room Temperature 


re as fol- 


Acid As Extraded 


Tt Condition 
seluble 


900 


10 ft 


of Extruded Mg-Th-Ce-Zr Alloys 


Ns Batraded endition 
Keom Temperature Keoom Temperature 
Pet 


ts T¥s Ts 


Tt ¢ endition T4 C endition 


som Temperature Keoom Temperature 
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20, 
| CREEP EXTENSION 
. aoorr 
eoore e 
o% 
200°? 
. 
2 
a. 2% EXTENSION 
: 
| 
} s00"F 
| 
ee et ilped to a diameter of 2 15/1¢ 
4 mited by the ize of 
| ton Wattson-Stillrn an 
Phe naditior of extrusion wei 
eheat 925 F (2to 16} ) Th Pet Pet 
Pet Pet ©Ys tT TYs TS 
eod per min 12 a4 2 27 ‘ 2 
| it ‘6-1 ‘ t 27 2 244 
‘ 094 6 29 26 2 
t tient ‘ 0 9F 224 2 2 ae 28.2 
272 29° 2 4 29 
{ t ntammu 20 pet Th was preheated 
* Pct Percent elongat 
t thie i were a2hi prehe it cys Compre eld strengt! 
Table VIII. Tensile Properties and Compressive Yield Strength [ES 
seluble 
Th te ' Pet Pet 
Pet Pet Pet T¥s ' Ts ' TYS TS ' T¥s Ts TYs Ts 
‘ 27 aS 44 2 198 ‘ 24 2 44 74 
J 294 22¢ 2i¢ 2i¢ 241 2 2 4 74 
2 2 217 42 2 7a 24° 27 2 J 6&2 
“4 186 29 246 215 214 345 10 170 217 116 #152 > 7 , 29 4 4 ¢ 
ret Pet Pet Pet Pet Pet 
cys Ts TYS CYS) Ts YS Ts Ys Ts TYs Ts TYs Ts 
' 2 27 «19 ‘ 92 162 2 44 
se 2 2 249 29 22 23 7 2 42 76 
. ‘ 2 2 264 2 2 44 78 
2 2 9 2 20 ¢ 22 42 ‘ i RE 
2 2 2 29 4 2 29 ‘ 70 11 


PFRCENT 


ow 


ATOMIC PERCENT 


Fig 11—Density of Mg-Th Zr alloys at 77 F 


Table IX. Creep Limits of Extruded Mg-Th-Ce-Zr Alloys 


toe He Creep Limits 1000 psi 
Extension Pxtension Pxtension 
Acid 


soluble Pet ot Pet Pet Pet ot Pet 
Pet Creep Total Total Creep Total 


Condition 
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EXTRUOED 
a 
| 
wl 
| 
— 
a PEOWENS HAVE SAME DENSIT 
= 
Fig. 10—Electrical conductivity of Mg-Th Zr alloys at 95 F 
matior inde a tensile load a inder a compre we ‘ 
load, inasmuch as the the im decreases the tensile ; 
Tensior mopre on, and creep tests were performed ield strength t a value equivalent to that of the + 
nm the ame manne a lescribed previously compre ive vield strengtl ither than the converse 
The ensile properti f extruded Mg-Th-z The ductilitv of M allovs as measured by 
alle n the T5 and the T6 conditions are shown a the elongation in a tet e test goes through a de- ue es 
function of ntont in F nd 6 ‘ 
a Tum ‘ ‘ rig ¢- cided maximun alue witl ncreasing neo im con- 
pective Extruded Mg-Th-Zr allovs exhibit some tent. The maximun ecu it a mewhat lower 7 
age hardening when aged eithe lirectly from the th ium content in the T5 condition than in the T6 : 
as-extruded conditior afte ition heat treat condition. Howeve n both condition Mg-Th-Z1 
ment (cf. Table VII with Fig >and 6). Howeve allovs exhibit an unusually high level of elongation i ; 
the legree of agu juite a great the ex- vel wide ange of thorium content 
truded allo is that found in the sand-cast alloy The strength properties of these allovs at elevated 
of equivalent compositior The most striking feature temperature ncerease with increasing thorium con- ; 
to be bserved in these curve the sharp decrease tent from 0 to 20 pet Th. The pronounced decrease 7 
in ter e strength and tet e vield strength of Mg- n strength of the Mg-Zr alloy with increasing ten ; 
Zr alle ipon the addition of 1 pet Th. Further addi- pérature and the relative insensitivity of Mg-Th-Z i e 
thor f th in p to 20 pet result in a continuou allovs to temperature eliminate the imnoitial decrease I 7 
ncrease of these propertie In contrast to this be- n strength observed at room temperature. The pres- : 
tne comy ve t tre netn mn tant in it ext M; Th ha nit 
egula with the im content from 0 to 20 pet cant effect eithe n the wm temperature or or py 
(Fis 7). It ild also be noted that additior { the elevated temperature tatic } yperties of M rh ‘ 
thorium either to magne im or to Me-Zr all @< alloy bos 
ilt n equivalent ter e and compressive eld The curves in Fig 8 and 9 depicting the change - 
trengths in the extruded state. The present obser- n creep limits of extruded Mg-Th-Zr allo with 4 
vatior ead to the conclu n that thorium produce th im content show that the increase in creep re : 
ar entation that is favorable to plastic defe tance with thorium addition proportionately ; 
Th Pet 
Pet Pet Total 
2% 22 i f 2 
29 +2 +4 2 
' 2 7 ‘ 42 ‘ 22 
T# endition 
2 ‘ 42 1 af 64 
2m 22 4 6.2 62 2 
29 49 ‘ 


nt results were 
-treated pius aged 


Physical Properties 


na 
ana 


lev 


Metallography 


presente 


f Mg 


19.70 pet pet Zr in 
a top General structure 
ound particles XSOO c bot 


eutectic X2000 
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’ nt er the Te t ind on Mg-mischmetal-Mn a n which the 
the wer t tance at 600 F in the ndition 1 
P kediv lower than that in the nditior 
I tien but ttot A< for the effect of zircor nm the eep re 
i t Me-Tt ince of Mg-Th alloy the most ynificant change 
fonts at y that the 7 to be observed are the marked increases in cree} 
‘ ent crest ‘ tance mits at 500° and 600°F in the T5 condition, a 
t} } me unt verment 1 rea ed a n the Te i 
¢ > > s ndition at 400 and 500 F There obviously re- 
mains a great deal of work of a fundamental nature 
be done in orde a ve at a bette inde 
mer on the elevated-te erature creep re 
¢ 4 f ry ry 
4 - 4 al im ail 
 &> is Some improvement it trength of extruded Mg- 
4 btained from the add n pu eriu 
(Table VII). However, the increases are relative 
~ * erature. The effe f i 
tance of these a even less significant 
4 £ 2 IX) The most nificant change it 00 | 
a ad yhere ce im exert a detinite letrimental eftlect 
é a a m the ereen limit n the T6 conditior 
a Pd a A vil Vil il é 
4 pared direct with the present result Somewhat 
= higher creep re tance ndicated by Sauerwald 
lata on a Mg-Th-Ce-Zr a than tha btained on 
the correspond composition in tf investigatior 
he Howeve although it is not specifically stated | 
A Sauerwald, it belheved that ! illov contained 
\ | t mor the ‘ vas tested t 
ie j alloy Further ‘ i 
Sauerwald in the -extruded condition, where 
the pre btained in the aged or 
the heat nditior 
Elect conduc density measuremer 
vere conducted in the ame manne i described 
’ eu el Addition of coniul lowe! the condauc- 
tivity of Mg-Th a (Fig. 10) significantly (sec 
ef. 1 f comparison). In the comy tion range 
/ where most of the the in present as an inter- 
metallic compound, the conduct 1 decrease n- 
early with increas olume pet tl im (F 10) 
em These data indicate mewhat different it t 
; = elationships than those found in the binary Mg-T! 
The maximum solid solubility a hown | 
the cor duct fey the heat-t ‘ ited n 
thor ndicate ome wnat maximun olu- 
} of tho in the \1 thar in magne in 
\ \ whereas the curves obtained after aging at 700 F 
it va te i eate jul i t it t ripe ature th il 
btained in the binary alloys. Considerat more 
~ k needed to « it i phase 
stionshis in these a P 
The change in density of Mg-Th-. ‘ 
of m content wer n F 11. No 
. 
. —— nificant difference eNist between the ler t of 
and-cast and extruded alloy 
\ \ few micrographs are istrate the 
nature of the microstructure and Mg- 
: i rh-Ce-Zr a vs. The fine-grain nature of the stru 
? ture of nd-cast Mg-Th-Z clearly shown by the 
: micrographs at 100 magnification (Figs. l2a and l3a 
Fig Structure sand cast Mg nd c). The grain bout we well delineated 
‘ the as cast yidition Gly etchant 
X100 b center —Eutectic and come by the eutec ‘ ‘ et con ind 
tir ‘ coment of the eutecti« The pres- 
tom —-Lametlor structure ‘ 
64) JUNE 1952 


Mg 10 30 pct Th 0 98 pct Zr 


b—Mg 605 pct Th094 pct Zr 


‘ 
c—Mg- 3.34 pet Th.0 94 pet Zr 


Fig. 13—Structure of sand-cast Mg- Th. Zr alloys im as-cast condition Glycol etchant. X100 


c—Mg 1030 pet The . } 


98 per Zr 


itectic and compound is shown for the 
-1 pet Zr alloy in Fig. 12b. The 


obse 
l pct TI 
14 show that heat treatment 
ompound and the 


well coal i 


been observet 
containing 20 pct Th o1 
indissolv compound de- 
(Figs. l4c and 
containing less than 6 pct 
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4 
b-—Mg 19 70 pet Th 
101 pet Zr 


by 


d—Mg-605 pet Th 
094 pet Zr X100 


are not shown, but they were found to contain 
ily trace 0 i oly ompound 

Addition of ium mat ly increases the amount 

n Mg-3 pet Th-1 pet 

would be expected from the rela- 

f cerium magnesium 

ire of the tructure of 


the high 


spect Ce 
containing 
combining thorium with cer! 
ect. The large incre: 
ing from cerium additions is mor 


bv the structures of the T6 condition 


ame eff 


the pronounced increase in the amoun 
compound Is apparent, it Was pointe 

the Mg-3 pet Th-1 pet Zr contains onls 
undissolved compound after heat treatment 
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| 
d q 
101 pet Ze 4.2 4 r4 lf 
Fig. 14—Structure of sand-cast Mg Th-Zr alloys in the T6 condition Glycol etchont 4 
Mg-20 pet Th ‘ 
eutectic has the same lamella tructure (Fig. l2c) : 
that was noted in binary Mg-Th alloy The de- of : 
creasing amount of con pound and eutectic with i 
jecreasing thorium content 1 hown by the seri t . 
of micrographs in Fig. 13, where the structures of A : 
al containing 10, 6 and pet Th are lustrated the cerium-containing alloy GE degree of 3 
Small amounts of eutey divorcement of the eutectic in alloys containing 2 5h 
alloys containing 2 and pical of magnesium 
The structures in Fis ire-earth metal 
effects considerable sol apparently has the - 
remaining indissolved ind 1 compound re ilt- 
Two distinct compounds are present in the M ct e clearly illustrated 
Th-1 pet Zr alloy (Fig. 1 | 16) where 
n binat Mzg-Th alloy olved 
more The amount of e that 7 
crease apidly with the es of ; 
da). Structure of alloys The 


pet Ze 315 pct Th 293 pct Ce 087 


alloys om the as cast condition Glycol etchant 


+ b Mg 29 pct Th 220 pet Ce 091 pet Zr = c—Mg 315 pct Th 293 pct Ce 


# sand cast Mg Th Ce Zr alloys im the T6 condition Glycol etchant X10 
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a > 4 
337 pct Th 1.25 pet Co 097 pet Ze b—-Mg 290 pct Th 220 pct Co 0 pct 
Fig structure of send cast Mg Th Ce 
Mg 3 pet Th pet Ce 7? 087 pet Zr 
¢ lerably content appea pet, more wort equired 
t t Th. TI ct t t f ext fed Mg-Th a The most 
Nie triki feat f extruded My l the 
\1 t ence in the el tance t 600 F in the 
‘ 1 how r5 and Te nditior 
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id system Fe-Cu-Ni. a continuation of ihe work 


of Sherman, Eivanaer, and Chipman, using the same 


Temperatu measurements are made with a dis- 
ippea g tical pyrometer sighting 
th ha prism ont urface of the melt which 


t 
heated by induction. To obtain true temperature 
by this means, a calibration is necessary, since, in the 


bsence f true black-body conditions, the observed 


temperature is always lower than the true tempera- 
ture This calibration is actually an emissivity cor- 


a function of both 


It composition 


lhe original furnace was used with a deeper metal 


bath provide sufficient depth of immersion for the 
thermocouple which wa inserted through the 
ampling hole. The atmosphere was a 50-50 mixture 

argon and hydrogen passing through the furnace 
at a rate of 1000 ml per min, and preheated by 
mear f a molybdenum resistance coil. It was 

imed that the rapid gas flow effectively elimi- 


nated any error which might have resulted from 


the presence of metallic vapor The charge in each 
case consisted of about 300 g of metal, contained in 
a high purity, dense alumina crucible 


At each melt composition, readings of the optical 


pyromete ind of a thermocouple immersed 1n the 
molten metal were taken simultaneously. Calibra- 
tion « es of optical vs. true temperature were then 
made for each melt composition investigated 


Thermocouples were made of 0.010 in. platinum 
nd platinum-10 pet rhodium. They were checked 


against the melting point of chemically pure copper 
Silica protection tubes with an outer diameter of ap- 
proximately 's in. were used. The depth of immer- 
ion of the tip in the molten metal was approxi- 
mately l'a in. The life of these small thermocouples 
was relatively short, varying from approximately 1 
nin at 1550 C to 10 mu longer at 1300 C. Melts 
containing iron ¢ ded the protection tubes more 


than those without tron present 


Measurements taken while heating checked those 
taken while cooling, indicating the absence of a tem- 
erature idient between the molten metal and 
the thermocoupl 


Results 
The temperature range of the measurements on 
per-free metals extended from the melting point 
to 1600 C. For copper the upper limit was 1380 Cc 


una the data were extrapolated linearly for com- 


on with observations on the other metals and 


Optical Temperature Scale and Emissivities 


Of Liquid lron-Copper-Nickel Alloys 


Fig. 1—Optical vs true temperatures for typical compositions 


melt compositions are shown in Fig. 1. These curve 
besides providing a calibration system for the given 
experimental conditions, also give a basis for the 
calculation of true emissivities at the effective wave- 
length of the pyrometer, 0.65 micron 

The starting point of the calculations is the value 
of the emissivity of iron at its melting point. Taking 
the melting point of electrolytic iron under hydrogen 
as 1535 C, and using the corresponding emissivity 
value of 0.43, as determined by Dastur and Gokcen 
the emissivities can be determined as functions of 
composition (and temperature, if desired) 

The relationship used 1 the Wien equation 


In( Ea) ( ) 


where E is the emissivity 1, the transmissivity of 
the optical system; C,, the fundamental constant, 
14,380 micron-degrees, a, the wave length of lhght 
used (0.65 micron), T,, the true temperature K 
and T,, the apparent temperature, K 

At the melting point of tron the observed tem- 
verature Was 1358 this gives 0.62 for the trans- 
nissivity, which compares with 0.65 in the similar 
system used by Dastur and Gokcen. The emissivitie 
of all the compositions investigated were determined 


at 1535 C, after obtaining from each calibration 


curve the corresponding temperature. These result 
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HIS investigation was undertaken as a prerequi- 
te to the study of sulphur activities in the 
1q a 
< 
‘ 
temperature and mc” 
| 
| 
alloys at 1535 C 
Examples of typical calibration curves for various 
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Fig Emissivity of Ni Cu alloys at 1535 
~ 
Fig Emnessivity of Fe Ni alloys af ¢ 9 
| n optical readings Was t eat ¢ ccou 
The data are shown tn the fort fa terna it 
Discussion of Results 
nF 6. In view of the simplicity o e Fe-Ni} 
no the milarity of the the ‘ the _ 
the te i al t ‘ | 4 ! it te 
: ( t t « of Dast ind Gokeer : 
In each of the bina ystems containing coppe 
Cu The maximum de‘ ry the e law 
‘ erna ‘ mixture : found at + 50 to 60 pet Cu. It 
eoms pt ble that thi jue to the electronic effect 
Lowery, Bor, and Wilkinson. This w howed & 
tions at int the same percentage of coppe 
6 the maximum in emissivity found u +} nvestiga- 
t Apy at Temper 
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liagran whict epre 
tat ty for phases ¢ 


tacking fault » the 
e having hi t free «¢ 
were prepared 


ybalt (with metalii 


chemically as follow 


Si, Cu, ¢ Al 0.001 


ckel (with Fe, 0.05 pet 


0.001 pet, Co, Cr not detected 


als were melted in pu 


ere Of areon, 


‘ rgon. that had been ed by pas 


hat, DV analy of the 


used, were found to conta 


Ni, and vacuum melting 


ed for those containing 


nduction melting the alloy 


in the ¢ icible, and 
diam were anne iled 
zation. These same 
hout the enes of experime 


f 4 hr at 900 


llowed by furnace cooling, 


these data it clea! 
ning transformation 4 


nning 


addition of about 30 pet Ni 


‘ 
tran 


were thermally polished 


en at 1350 C, then fur 


that thev resulted fron displacement 


0.05 pet Fe. 0.001 
xt) and Mond Car 


observed on cool- 


sformation was me 


SUGLEN 


magi cation a clustel ot fine 


concluded 
ol 


grains often reached but never exceeded 


con 


formation occurs by (111) plane disp! 


(Shockley 


(111) planes). This was further contirmed by 


test for tacking d rde1 | ne an oscillating 


crystal technique previously employed to detect 


train-induced faulting in Cu-Si alloy treaks in- 
dicative of the tacking faults were looked tor and 
found on X-ray films of the spontaneously tra 

formed 25.7 pet Ni alloy as expected by analogy 
with Edwards and Lipson’s result n pure cobalt 


were much intensified after rolling at 


Transformation induced by plastic strain was in- 


vestigated as a function of alloy composition and 
temperature of deformation. A series of tests wa 
made to determine suitable straining and X-raying 
techniques. Filing was found inferior to abrasion in 
converting cubic samples to hexagonal, and abra 

ion was less effective than peening in producing 
smooth unspotty Debye rings in the X-ray pattern 

Because the diffraction line were broad, Geiger- 
counter spectrometer records of filings were les 

sensitive in revealing small amounts of transformed 
material than X-ray patterns recorded on films in 
a small diameter camera. After these exploratory 
tests the following methods were adopted. Speci- 
mens that had been annealed at least 4 hr at 900 C 
and furnace cooled were mounted in a block of 


aluminum, brought to temperature and peened 


thoroughly wi 
the same temperature. The specimens were then 


th a mullite pestle preheated to 


quenched to room temperature. In peening, a circu- 
lar area of *s in. diam was given 500 blow A few 
control test howed that an additional 1000 blow 
did not detectably change the proportions of the 
phases present 

The amount of transformation was judged by X- 
ray reflection patterns from the peened surface 
ising the innermost four lines of the cubic and the 
hexagonal patterns with filtered CoKe radiation 
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. . 
Transformation in Cobalt-Nickel Alloys | 
: 
genes equilibrium between different phast in formation had occurred there were relief effect : 
cobalt ch alloys prohibitively lone visible on the thermally polished irfaces These 
annealing times when temperatures are below about marking were narrow straight line i rt- 
oo ¢ The fact that a transformation from face- OWwablle a high 
centered cubic to close-packed hexagonal readily lines that resembled " rit ; 
takes place at temperatures below this in the co- ee : 
balt-rich solid itions is not an indication that planes, for the umbe fd - 
able rate. for the transformation is well established lines could always be found parallel to the thermally 
is martensitic in nature. Wide divergence betwee! etched {111} boundarmes of annealing twin The 
heating and cooling experiments and high sensitivity markings were thmmmmmmsistent with the idea that 
to prior heat treatment make it difficult to judge the trans 
temperature of equilibrium betweer the pPase ment t t ving on 
One object of the present work was to see if the | 
nformation on the relative stability of phases could 
be gained by substituting plastic deformation fot ee 
thermal agitation Procedure were worked out 
that led to the determination of a diffusionless type : 
of phase temperature 
of equal of the ame composi- 4. 
tion. and the technique was applied to the Co-Ni ‘ 
ystem. Another object of the work was to se¢ The streaks Si ; 
whether « not def mation would generate fre- room temperature a 
juent e were thin lamellae 
phase 
Phe n 80 to 100 g melt on 
fron impuritic estimated | 
pet; Cu, «9.01 pct) 
The \1.0, crucible An 
atm0sph 
ing over hot | hip was used for the - 
alloys (ii 77: portions of the ingot 
actually 15.5, 25.7, and 
5.0 pet (alte: degassing) 
Was 29.4 and 31.5 pet Ni 
in. thick x 
nomos men were used 
throug nts, with anneal- - 
ng treat n purified hydro- 
ven alternating with 
the deformation and X-ray tests discussed below a 
Results 
Spontaneous transformation was 
ing to room temperature in all alloys containing 29.4 P 
pet Ni or less and by cooling the 31.5 pet alloy to 
195 C but was not observed in the 39 pet alloy . 
after cooling to 195 C. These results are in satis- ; 
factorv agreement with the cooling experiments ot : 
Masimoto 
of bes 1.. drops to 20 C with 
the The test for spon- 
taneous allographic. Speci- 
mens i by annealing 10 hi 
in hydro, cooled: if trans- 
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‘ > ‘ ‘ ripe ature ‘ ‘ ‘ 
ANNE ALE De WORKED BATE 
the noir i! ‘ ter ‘ 
+) j the j ‘ } 2 
ed V tu the he 
t it int mripiete ‘ 
. 
0 to 60 ibove M, with the tect j ry 
ed here 
ev 4 termined in the present test et wee 41: 
! na tree ertainty of + 2 m these dat ided 
plastica leformed between 4 1 4. ( nad 
fit mer re ilt ndicate that the equ temps ture 
ed t te-rripe ture ‘ the two pl 4 ‘ ( the M. ter ‘ 
nt t le ta t ture la cot the thea tor 
‘ t tempe ture that fter eported to be 440 450 ¢ the « in 
4 temps iture ha been ¢ n ‘ t ve 
e. om itors to lie in the range 420° to 4 ( 
q | | 
' ' Howeve rn te Reve on to the ture cur mere 
‘ na bv the reve movement of the t i 
\ 
ry ture partial d ocation ( ar id numb them) 
t ter ‘ ture ild be alternate Dasal plane ) re t eatpotr 
' movement nvolved, as | bee weested f 
_ both phase the plane od } nef ry 
+) me hexa tion dislocatior are plane n or era 
f the two phase nd the ene equired t 
create a coherent nterface between then t eon 
bable that the et tion ene e< that must be 
¢ how ove me mm the conve nd re COSM 
‘ ‘ it othe tempe ture ‘ thy free 
by ic na hex } ‘ ‘ 
t ture ere ‘ cut i 
j At} tempe ture the } 4 hat} 
‘ t im inted cubic-t hen t i ca 
¢ +) tron movement ild be eute than the | 
hey fo eve n. hence any stresses capable f imitiat 
+) the ibic-t hexa nal movement ild be 
n e than enough t irn int the t ‘ f ‘ 
turn to cubs At lowe tempt ture thy tuat 
of eve ed In the f distu fact 
nterpretat n meat that the tempe ture 
vhich the two pl ‘ huve « j free em ‘ 
t mount fuced conve nd beginnir t n-indu i re 
thre ve temper ture that ‘ na ted the 
t The se i irve nd «, ve ( 
‘ that ¢ ‘ irac\ ‘ } it + 12 the M 
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irve can be taken a the curve fe equal free 500 
ere y of the two phases as they exist in the sampie 
at the beginning of conve nand reve or The Pee 
two phases have the same com} tion, of inst 400" : 
nee the tra formatior are nie The | 
imption that disturbing fact are absent re 300+ 
sire tiscu t Actually, the a ised tests | 
{f reve n to cubic had previou been heavily HeC 
cold worked and, on the the r hand, those used for 
mive on to hexagonal had been annealed. It might | \ - 
magined, therefore that the reve on } CUSS 
was more subject to hindrance from dislocations and 100} 
uttice listortior thar thie conve or proce | 
Neverthele the fact that reve n began at very | a 
nearly the same temperature as conversion did, and ; 
rm at a definitely highe temperature Aggest hat | Pace 
t! factor Was unimportant in the present test - 100} 
A striking fact that require explanation is that 7 
plastic flow at any temperature never converted all | ot 
cubic metal to hexagonal, whereas flow at tempera -200 
ture omewhat above M, but still below recrystal Co a 
lization temperature reverted all hexagonal meta . 
to cubic (insofar as can be judged from the films of Although the accuracy of the test not high, the : 
the higher nickel alloys). Tt insymmetrical be esults indicate that a temperature very near M : 
navi ma be accounted for on the ba of relative the highest temperature at whiel leformatior ; 
ites of strain hardening of the two phases. If 1 produces large amounts of faulting, and theretor ; 
med that the cubic phase strain hardens mort that strain cannot induce much faulted material ; 
ipidivy than the hexagonal t would follow that when the cubic phase more stable than the hexa ; 
flow below M would concentrate to an increasing vonal The tabilitv referred to here tut ty : 
jegree in the hexagonal as straining pmmmmmimgl, and juring mechanical flow, but the reasoning presented a 
would consequently become progressively less ef uggests that it also applies to the energy 
fective in converting the remaining cubsc Mmmm. At ft the phase in other word t appea that fe 7 
temperatures above M,, a milar concmmmration of the most part half-dislocations Cannot Gissot ate and ie 
flow in the le er hardenir hexagonal phase carrie epurate widely creating a tauilted egion betwee 
the transformation of this phase to completior That them which is a thin layer of hexagona tructure 4 
the cubie phase strain hardens more rapidly that! t th tructure is of appreciably higher free ene ih 
the hexagonal would be expected from the well than the parent ¢ ibic structure { a 
known tensile stre train curve for ngle ery 
tals of face-centered cubic metals slipping on inte A curve wa _— the tempera | a 
ecting plane a compared with the curve for ture at which deformation begins to transtorn the t 
close-packed hexagonal metal ipping only on the cubic phase to the hexagonal phase in cobalt-rict | ek, 
Dusal plane Co-Ni alloy A milar curve Was determined for . 
The effect of prior plastic low inhibit the strain-induced reverse transformation the 
ng bott pontaneous and strain-M $trans- ame allov The two curves agreed within exper 
formations to the hexagonal phase is understandable mental error and thus determine a curve of equal 7 
n terms of interference to the movement of partial tability, which is also judged to be the curve giving s 
lislocatior In annealed metal there microscopit equal free energy for the phases when they have the > 
evidence that the hexagonal plates have diametet ame composition. Stacking faults were detected ao 
that are comparable with the diameters of the cubs after deformation at temperatures below tt curve - 
prain The partia dislocation must therefore and not at temperature definitely above ‘ The tae 
travel large distances without encountering effec transformatior temperature for train-induced 5 
tive barrier In the worked metal, however, the) transformation in cobalt of HiT purit 417 
must encounter frequent barriers in the form of in- - 77°C a 
One object of the present work was to determine We are pleased to acknciiiiiliihe a tance of ie 
whether appreciable numbers of stacking faults car F. D'Heurle and W. Bergmann in the preparation : 
be introduced into fact centered cubic metal when and treatment of these alloys 7 
t jeformed at a temperature where it is more i 
made to detect faults in Co-Ni samples lightly a C. E. Lacy: Metals Handbook. p. 1192 (1948 a 
formed at various temperature The experimental Cl” ASM 4 
technique was that used prev ously for fault detec- 4 R. Elsea nan, and G K. Manning : 
tion in polycrystalline Cu-Si alloys, a search for Tra AIME META TECHNOLOGY 
non-Laue treaks in oscillating crystal X-ray dif- June 1948 
fraction patter: of lightly deformed samples In M Hansen Der Aufbau der Zweirstofleqer ge 
the alloy with 31.5 pct Ni, the fault streaks =! 1936) Berlin. Springer 
eae . Cc. S. Barrett: Tra AIME 1950) 188, p. 123 : 
tected after 0.5 pet reduction by rolling at 
perature and after deformation at juid nitrogen O. S. Edwards and H. Lipson: Journal Inst. Metal 
temperature, but were not found after variou de- ( NN. 177: Proc. Royal So« 1942) 180, p 268 
formation tests at 43 C in this alloy nor after roon ee es A Bilby: Philosophical Maga a 
temperature deformation in the 35.0 pct alloy 573 
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te ire med pla hange in ite of the recovery concurrent with de- 
_ W | t ‘ y be cor fered as one formation modifies to a degree the manne of the 
i recove ecu mul leformation. Different shy voten may operate 
r ot hardenis that produced by For very slow rates, the mechanism may, as ha 
' thy boxe ‘ ‘ vers ‘ ened by Deen izgested, differ from that cla cal 
b i immediate f wine ae In the experimental work that follows the finding 
t ler tiuke place thi igh Will be interpreted from the point of view deve ped 
' il of tor acting to a nt? ection 
\ molex n tre ysten 
t itt only a few aton Nera 
weompanied by elastu the state of ed in 
: ene f the proce form were pet) 
luctuat f the aton sugmented ind 2S grade and crade A kel. Wire 
t eld produc the ce annealed and initially 0.050 1 n diam was drawn 
— wed by the deformation through diamond dies in a simple holder maintained 
' ‘ ve essentially at 25 5 or 195 ¢ Precautions were taker 
At high temp ture mh the that for each maternal all conditior of drawings 
; t pid that ae were the ame except the temperature Electrical 
cable net? esistivitvy was measured for each condition at 20 
nad recovery rt was done a oon as practical after drawing t 
tructure lepending on the minimize possible room temperature recovery 
te of the proce F The data for the four mate ls are plotted in Fig 
ent difference in’ the 1 in terms of the change in resistivity for drawing 
im the of at the several temperature rhe effect of tempera- 
N High temperatures and ture (imma ing on the increase in resistivity is most 
p marr pM for copper. Drawing at 25 C to 80 pet 
ingest that reduction in area increase the re tivity approxi- 
mately 2 pet; drawing at 195 C to the same reduc- 
iy tion increases the re tivity about 6 pet. The in- 
, crease in resistivity n th meta due to extra 
cattering of conduction electrons riginating in the 
lack of orderly arrangement of the atoms induced 
by the deformation process It has been suggested 
ee TRANSACTIONS AIME 


Fig | —Eftect of temperature of draw 
ing on resistivity at 20 C 
r e specifically that the increased resistance Is duc 
t in elastic distortion produced by dislocations in- 
t juced ¢ cold work Furthermore, it is reason 
t certain that the resistivity measured is for the 
tat afte irawing that there has been, at most 
I in inappreciably small recovery at room tem- 
perature afte jrawing and prior to the measure- 


two grades of 
copper, but of les 


tv. Recovery at room temperature 


nter may have 
ccurred to a degree in both purities of aluminum 
" to measurement and quite probably did in the 
ilun im of the higher purity. This may be the 
hief reason f the difference in the observed re- 
tivit nereases for the two grades of aluminum 
‘7 nickel ¢ itic Value were obtained, and no 
istained difference in trend in resistivity change 
found fe jrawing at 25° and —195 C. In nickel, 
transition element. two factors contribute to elec- 
trica ‘ tivity cattering bv the lattice and to the 
nd. The latte the more important and for it 
the effect f deformation, if any, have not been 
ieveloped in adequate detail to be u eful here 


Effect of Prior Strain at Low Temperatures on 
Strength Properties 


The resistivit tudies were supplemented by in- 
vestigation of the effect on the strength properties 
f drawn wire and lng sheet at low tempera- 
ture The flow stress and other strength propertie 
vere measured in all case at room temperature 

<imately 25 C). Low temperature drawins 
creases the flow stre for a given strain as illu- 
t eda coppel n Fig Addit onal data 
a im and nické ipporting the same observa- 


The trengtt 
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Effect of Drawing ot Low Temperature on Flow Stress 


and Strength at Room Temperature 


Table | 


Tensile 
strength 


Pet Re 


duction ‘ strain si 


nickel 


wherea 


made aft 


pri 


tensile test at low temperature; for 

tainless steels the strength increase | contributed 
to by a transformation induced by strain at the low 
temperature 

Rolling at low temper! ire is well as drawin 

enhances the strength properties of metals at room 
temperature Thi llustrated in Table IT givins 
data for a number of common material ome of 


which are alloy processed at 195 and at 25 C 
The large effects are in ultimate ten ile trength, 
vield strength, ductility, and hardne the plasti 
of 
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i 
7 
on Flow 
Tempera Stress Pai t timate 
of Draw Nateral 
LA Metal 
- > $.00 
ty properties of are enhanced by low tempera- 
Lae aLUMINUM | ture drawing SES, as Was discussed earlier, the 
4 - - - - - - 4 
- > —y - ] temperature of drawing had litt effect on the in- 
a crease in resistivity. Others have observed an i : 
crease in flow tre in tensile tests on aluminum 
artis | and for cold-worked austenitic stainless steel The ‘ 
| 
a 
The effect of drawing for the - | | | | | 
minu! rY t that f aT 
| 
| 4 
45} 
a 
| 
g | 
a 
‘ 
4 
= 4 : 
2s}+—+ 
| | 
| | 
° 
tion, are show n Table I and in Fig Pe a : 


Table Il Effect of Rolling Temperature on Strength Properties of Some Metallic Materials 


timate Vield 
strength Modulus of 
26 set Plasticity blengation Reckwell 
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Ke duction 
‘ Thick k ' 
Temperature str 
Ma « Vet ‘ Ve Pei 
t 
‘ 
Fara? the ter P ‘ irve and f ry 
ertie tempe iture must be elative ma As the tem- 
4 ture def multame j ré 
P hecome ncrea ne mit tant aitering 
tt te east ‘ tivity the ked pertic structure 
! tte tempe ternretatior tent with the lata for pro 
lependent nd a As the temperature det matior owered the 
treneth and ultimate treneth of a numbe f 
} predominate electrica nductivits jecreased t 
| wate te ee as the ture of deformatior 
owered These effect ire ttributed t ce 
J | crease in simultaneous recovery during deformation 
| thre tempe iture wered Recovery 
/ 
P | ‘ bed a nvolving ngie aton or mail group 
| and as hiv temperature-dependent 
; | vA _ | Data given for a numbe f commercial meta 
a} n the trength propertic that mav be obtained bv 
| ‘ ment e chief effect ire on the pror 
VA ict eatn rt 
J | jotermined ‘ bv tic treatment 
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etormation of Zinc Bicrystals by Thermal Ratcheting : 
I 192 ey nted mut that the a, 
met at ir t with respect t t 
the met More recently ind Honevcombe 
tudied the behav several meta spon thermal 
\ na bserved that the tre ‘ weve ped il | 
! t meta ire eat enough to produce | ' 
| ; 
rit naiviau ind a oughening of the 
pecimer irface rt phenomenor hey have \ | 
med “thern fat rv rhe mechanism they pro | a | ‘ 
grain i N 
the deformation being alternately in compre or 
nd ter na ver iin a the temperature 
hanged in one direction and then the othe: © 
The nore york indertaker to nvestigate if 
the pe bility that an additional mechanism might 
ope te toy duce plastic deformation during the ' 2 
rn evcling i “therma itchet” that depends upor 
i combination of grain boundary flow to relax the nat extensive grain boundary flow can occur at 7 
vated ¢ 
ipor ising the temperature and transcry 
talline p to re x the tel directed stre Consider 
or Owe no the temperat ire rt i the lip plam 
thermal « lir hould produce a nonreversible dis- ? the lip | ; 
tortor ich that certain grat will change hape of os 
iifferently from their ne bors with a simultane 
er or ‘ gt i ilta i parallel to th 
a |! ral al : 
grain boundary) with a .. for the onentations shown. 
of events that can occur upon heating Ei, ‘ 
th pecimer llustrated schematically in Fig, 2 
f met ! only mildly affected by tem- pecimen (A). Upon heating, grain 1 attempts to be 
oon thar 2 const ned ait 
perature example mn cadmium it decrease han grain <, bu ained by gra 
from 0.15 t ibout 0.05 ke pe q mm when the 6, gram if mpre n and grain « 
tempe it ncereased fron 20 to 458 K and Maded in ten nda ecu ni ‘ presel 
‘tle furthe across the boundary (8B). As the temperature is in- 
creased, the stre ‘ build up. and finally grain 1 
On the the if nd, the work of Ke indicate that be pla iCall let ned bi} nee the greater 
the il! boundart benave na viscous fashion Any furthe 
that can be described” by the expre , heating will result mo lip and the stre will m, 
remain constant until ome temperature 
BV exp(Q/RT) [1] reached where the stre can be relaxed by grain ae 
boundary flow At tl relaxation temperature (C) ; 
the he ! tre on the boundary. B, a con- 7 
the flow rate at the boundary Q the acti- row ‘ te te erat per sture 
vation en pg grain boundary flow: R, the ga tw the « ' ke t e relative to each othe It 
the ’ oer the af ‘ f « 
Fo ] nd that the try nece to cause a where the s dor t elative t the Ait 
er n boundary flow rate, V, decreases rapidly finite termpersture, T° 
vith nere t temperature The value of the con- } ‘ 
a step will grain 1 and grain 2 
ict hat a ime@entiv iow temperature Further heat ase nm 1 to be- 
inary ra ma mn will occu! come relativel 
preferentially by p rathe han by grain boundary barns the arate pn 
flo. Ther nsic rab] nee te indicate 
‘ considerable eviden ite the stre (D) 
bounda a 
ion 
in temperature below T* 
critical shear stre ipon the 
CC lip plane of grain 1, it will be stretched by sli 7 


urreng during thermal cycling a bicrystal of 
Orventation of shp planes 6 the some as in 


Fig 


Displacement per Thermal Cycle 


Fig 4— After 


. ~y 18 cycles 
~ 


Typical scribed lines vertical’ on surface of zinc bicrystals betore and after thermal 


vcling between 100 and 300 C Gram boundary ts horizontal line X280 
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nd E, Young’s modulus. The grain in tension v 
‘ ‘ ‘ 
3 
| 
| 
metal 
Direction of Movement 
t? t et ‘ ent thatat« flow more readily than the the inde 
then mipre esate smalle efficient of expal 
that t ‘ ture ade be with the arge coefficient ‘ <pal on will 
‘ thet temps ture de im the the nm compre The 
t part the lef mit A CCU it the 
thy ‘ ret cheated t ft, If the ofte vrain has the highe oef 
y 7 then the Gcient of expat tw be tretched and w 
t ‘ nge AT If thi the coefhicient f expal tw bn 
thas be 4 the ned in compre nd become te on eact 
t ered a corn cvcle Aga thie thie ne Will be ¢ entialls in- 
ent eccu m these arguments we ma iraw the follow- 
ement that cal continuing deformatior re n that increase 
thy jicplacement that with the numbe fevele 
; vhen relaxation occu at » The amount of deformatior hould be cor 
the The n mt the ed bv the flow strength and the 1c of Youns 
‘ t ‘ t wher ‘ modulu ‘ the meta 
} FY leformat ecu 
2 t bye ich that un bound: flow occu 
‘ +) conte it the owe tempe iture 
9 
j 
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Experimental Procedure 


a ime! vere tested 


Fig 7—End of zinc bicrystal after 500 thermal cycles 
between 100 and 300 C X2 


hboundarte 
} ace tT! 


thie ms 


evident 
otograpt 
produced 
placement of espect 


ind the displacement 


Fig 6—Same line 
as that in Fig 5 
after 500 cycles 


Fig After 
100 cycles 


Figs 5 and 6—Typical scribed limes vertical’ on surface of zinc bicrystals after thermal cycling 
between 100 and 300 C Grain boundary is horizontal line X280 
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thet merce wry to luce in the softer of the 
‘ i ‘ ‘ 
wi 
t f bicrystal f zinc with various pairs of ng. 
entat nc the bservatior f the offset a 
iced he bound function of onentatior 
ere imbe ern evel nd cycling 
empe t ‘ elected t ise t 
eca 
hic ta thers onlv one vaten 
mipilifie the ana and the coethcent of 
thern eX! highly ar t pic (635. 9x10 
a Cy ‘ ind 14.1x10° pe C perpendiculat and the ain boundary horizontal in each case. Fig 
‘ thy sue ax ) how the ginal conditior and Fis 4 show the 
The t t were grown in he ontal iphite displacement produced by 18 thermal cycles between 7 
n i ' to those used by Chalmert No at 100 and 300 C. The offset at the grain boundary } = 
? tempt w made to control omentations bv seeding about 0.01 mm on the pecimen Faint shp lin en 
tw found that self-seeded crvysta had randon can be seen in the lower grain which was the softer : 
entatior that aln t anv te ed orientatior one of the ouple and in this case iffered all of the an 
" could be obtained by selection among a numbe plastic deformation. The grain boundary migrated af 
ft Specimer ling tests were cut extensively during the cvcling, and the dark area 
wit? i ewels hac iM ind then verv heavils on either te of the cribed ne are urface rougt un 
electropolished in 25 pet water solution of potassiun ening produced by thermal cycling with the grair * 
hydroxide t ve pieces about Ix4x's in. with the various position Fi and 6 show 
n bounda ongitudinal. Lines were scribed ot ent in anothe ne bicrystal after 100 a 
the ‘ irface apy ximately perpendicularly te and S|) cy cl espectively. The offsets are : 
the int ind t inte 7 f about 0.5 cm wit 0.05 and 014mm. Both grau of the biervstal were 
Knoop diamond. Most of the specimens were sealed leformed by slip, but slip lines are more prominent t 
na hydrogen atmosphere in pyrex glass tubes for n the softer n (the lowe nin the photo 
é ng, but a few were evcled dewn to liquid nitro- graph). Ne 
en temperature without protection. Over the lowe n tt pec 
temperature the pecimer were cvcled by that eyelir 
manual imme! n first in liquid nitrogen. then in elative d 
Wate t 25 Automatically lowering the speci- the other increased with the 
mer furnace and } tir there antil the number of cvcle if 
pec mer eached oo nd ther emovir t until (veiling frequently caused the end of one grain 
the temperature had dropped to 100 C accomy hed to jut out beyond the other a hown in Fig. 7. Th a 
thern ‘ ng the uppe inge. The low tem- photograph also shows that slip lines are largely 7 
pe ture ‘ equired about 5 min each. the high confined to one grain of the couple = 
termperatu cycles about 15 muir Thermal cycling between and 180 C prod 
iced practically no offset at the grain boundary a 
Results of Experiments the temperatures were too low for grain boundary 
I tr igh 6 st 4 example f the displace- elaxation. Fig 8 through 11 show specimens before 
rie t t thre nm boundary on the pe hed irface and 100 evecle it the low temperature 
o te bicrvstal The bed line is vertical 8 and 9) and high temperature (Fis 10 and 11) : 


Fig After 

100 cycles at 

the low tem 

perature range 
25 to 


80 C 


Fig After 
cycles at 
the high tem 


perature range 


Typical scribed lines on surtoce 


>t zinc bicrystals before and after 100 thermal cycles 280 


Fig Cleavage 
cracks wm zinc bi 
crystal after 100 
thermal cycles be 
tween 25 and Fig 13 Schematic 
180 C. KIO drawing showing be 
hovior of specimen 
No 2 as three 
separate units during 
thermal cycling be 
tween 100 and 


300 
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~ : 4 
4 s< 
™ 
Fig Betor ~ ~~ 
+ yh temy 
"100" te 100 to 
300 C 
ted 
| fram the mer ‘ imma ed in Table I The 
+) than that actua hserved. The d mane 
he attributed t incert the electior the 
"4 thee for S ind t vo able vere not cor 
jered in the the example. the ftey 
trie trie icK a ‘ i 
way how inif m movement thy 
nredicted by the Inste i thers 
f ] eneth where no dis} ement irred, there were 
j ‘ ent evera ich 1 nt The bet of 
‘ t ‘ equ \ \ 
; necimen 2. which cted a fit had t Ken) Ut nt 
+} , nit trated hemat n F ] 
a 
T 3 
a 
_| 
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Fig 14-—Oftsets of scribed line at different positions Fig 15—-Grain boundary movement im a zinc bicrystal 


t migrating grain boundary im zinc bicrystal after after S00 thermal cycles between 100 and 300 C X7 
100 thermal cycles between 100 and 300 C X280 


it the 


boundar f winning and/or bend 


plane rib vy Jil a accommoda 


tion bern 
boundary in tl imen “ime reason 
From th ) nav be concluded that 
to produce a 
ng of 


temperature 


Table | Summary of Observed Displacements 


spect) Temperature Orientations Calculated 


men Range of Grain a Graint Maximem Maximum val 1946) 186A pp 
No Cycling. Offset, mm ‘ and Honeycombe: The Deforn 
Jase aring Alloys by Heatin Cool 


September-At 104¢ 


pp. 433-444 
and R. W. K. Honeycombe: The Anisotrop: 
i Cause of Deforn ior 


val Soc. London. (Fet 
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— 
aw. 
4 
Ob, j the \ ie selected for L (one half of the tion of the specimen, as would be expected. Appar 7 
total specimen length) for the calculations of the ently. a evident from the “cliffs” at the boundary : 
maximum offset too large f the actual effective grain boundary flow could occur reasonably easily at a 
L. in th ‘ It seems probable that th ticki- each position of the boundary, even when'the grat 
rhe t ove i nt i ne the ain boundary boundary wa roug?t 
va lue t nelusior at the boundary, but no It of interest to note in the various photograpl 
lefinite evidence w obtained fe thi that the lip trace extend from the very gralr 
In the amples cvcled at the higher temperature boundary acro the grain. Th is to be expected . 
the grain boundary migrated during the cvcling t ince in the experiments described here, the stre 
become high egulal Fig 14 show that thi arises at the grain boundary and initiate lip there 
‘ i t lid not se isiv hires ain boundary a tuation quite different from the case in whict on 
flow and consequent displacement of the cribed line an external stress apphed mechanically Then i. 
it the new pr of the boundary However! t the tronger grain can inhibit 
may have caused the decrease in the amount of d eC Fa 
placement with increasing number of cycles whict eC 
evidently occurred in specimen 2 < 
The fte iin had the higher coefficient of ex 
pan nin specimer \ l and 5a, and as pre ne 
licted thy erat ncreased 9 envtt Ir 
expar n, thu t shortened tropic metals within a imMoently high 
severa the observatior made during tt n range If the upper temperature limit is not high 7 
vestigation deserve comment In addition t au enough to permit grain boundary flow during cvycl j i 
bounda migration juris the high temperature ng. the ratchet mechanism Jacking and only 
me t atior or polvgonizatior general crystalline distortion oceur These exper 
eccurred in the region immediately adjacent to the ments also indicate the need for further study and ; 
bound n several of th imple This can be seen understanding of grain boundary behavior and : 
n Fig. 15 wher ains of slightly different orienta- tickine before a complete picture of the ratchet 
tior ire \ ble t the grain boundary in the available 
wing the le: ition. TI pecimen References 
had been cvcled 500 times betv 100 d 300 C : 
ween and ( Desch: Discussion to paper by M. Cook, Cry 
: Ao hows that the offset was not alway tal Growth in Cadmium. Trans. Faraday Soc. (1923) « 
nfined t in vement parallel to the longitudinal 19 p 48 
ix movement occurred also in the thickne direc- W. Boas and R. W. K. Honeyvcombe Thermal F 
Fatigue of Metal Nature (April 22, 1944) 153, p. 494 7 
Sept. 9, 1944) 154, p. 338 
on 
W. Boas and R. W. K. Honeycombe: The Plastic De * 
14 1947) 73 
d 98 W. Be : 
> 1947) 188A, pp 427-439 
Schmid and W. Boa Kr tallpla t tat. (1935 : 
the ‘ Berlin. J. Springer 
e T.S. Ké: Physical Review (1947) 71, p. 533; (1947) 
betwee ect 2 72. p. 41 
. N. F. Mott: Proc. Physical 1948) 60, p. 391 
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I ‘ Nature W. Boas and M. E. Hargreaves On the Int - 
yre genet Plastic Deformation in the t f ar 
N r Inter Aggregate Proc. Royal So« 193A. 
D.C. Jillson: An Experimental surve { Det 
; j y on the tion and Annealing Processe n Zit 
t AIME 1950) 188, pp. 1009-1018, JOURNAL OF Mr August 
Melting of Undoped Silicon Ingots 
| } ‘ ! the past melting technique ‘ the addition of “t hening 
t oof ement n crystal agent ich as aluminun bervlliun Phe crack- 
t ‘ thor f cor Via ing of the ingot nha been explained ; being tne 
‘ l ) the early product esult of the expansion that occu ipon freezing 
: , nd oniv the need f although direct observation of freezing U t e- 
; A W I led to the production of veals visible cracks on the irface or after a red 
m4 te t ta heat has been reached iggesting that crackini 
: lated ' , ‘ con f the result of differential contractior f con and 
t ‘ oi w elt t wit! jua tz Silicon wet quartz and the i! t adhere 
tit rt Melt tichtly to the cr icible Therefore as ingot ana ¢ i- 
{ eatommi tance cible cool. the two either have to pull apa t. or at 
bile ducing licon least one must crack ! pite of the 
the prevention relative thinne of the quartz and the thickne of 
: { t evention of crackin the ingot. the ingot and the crucible both cract 
— The n itisfactor'’ Microscopi and X-ray’ studi fail t how al! 
od massive plastic flow other twinning In the ots. Slow 
‘ nad suart cooling fails to prevent crackin) Anothe bit 
* i} entmoe heating element olution to cracking is to weaken the cru ble. Use 
hield lation Fo of thin-walled crucibk finally lea te cet with 
; — tubular heater with fused Gm bles with a wall thickne f 0.25 
<e of pows 0 such thin-walled fused quart¢ cru- 
alundun vlinde cible consistently uniform i ecured in 
slated producu ingot 0 mm in diam from the 
m tw ‘ pure grade of silicon (99.9>) thout the 
7 hie cing licon and ist addition. Melts are made in the 
CG fram bubbles cot Sli to 100 ¢ 
‘ Imy ved deliberately idded dopu igent 
: ; s hieved by means of not sufficient to insure pure ingot The reaction of 
rhe se licon with crucibles and the resultant solution of 
educed with an electrically mpurities mun the licon is well-established In tl 
A ement of the | h frequency’ laboratory, the presence of Al, Be, and Zr has beer 
the found pectroscopicalls in ingots melted in contact 
‘ 1. high frequency coil lowered with alumina, beryllia, and zircon The best crucibl ‘ 
wn : = During cool material reported u the literature are MeO and 
ry = el wiv These SiO. Use of MgO in this laboratory ha esulted u 
: a heavy deposit of magnesium or the furnace wall 
af 4 roe nd head extru and the resulting magnesiun removed from the melt 
elt Jone unde eli by volatilization In the case of quart the ilica 1 
educed and SiO liberated to deposit on the equip- 
ment walls. There probably | real danger that 
siined to the reactict oxvgen is dissolved in the ingot when either mag 
ne ilica ised as the ble mate il. Pre- 
minarvy analyses by Dean Walt n his vacuum unit 
SO) n this laboratory indicate the presence er 
indoped silicon 2 
tho t pitting has not 
t 1 Sif) i latule 
t of n and released H. C. Torre Crystal Rectifie 
cuo. but hardly at all u 194: k ¢ TI 
conta vart e report 
H and J. A. Per n: Ele 
t ‘ leret E E j ov 
} HINO. formerly with th rr 185, | 83; JouRNAL oF Met 
associated th the Unversity wr 
Member AIME is Head Ele iF. W von Batchelder: JouRNA 
Metallurgy Dw Naval Research Laboratory Washington ai 1952 Tr AIME, p. lt 
: TN 114E Manuscript, March 6, 1952 Report No. 14-110 (1942 
Analyt Chemistry (1950) 22, p. 297 


Surface Areas of Metals and Metal Compounds: 


— ecent yea gas adsorption methods 
have been developed for measuring the irface 


of tinely divided materials and have becom« 


extremely valuable in research on the corrosior. and 
the catalytic activity of metals. Rather elaborate ap- 
aratus j equired, and a single determination 


time-consuming that these methods have not been 


ized to the fullest extent; the methods are un- 


ited for most routine control work such as that 
encountered in powder metallurgical operations and 
i cesses empl ng metal catalysts. These dif- 
heulties are largely eliminated, and surface area tis 
educed to a routine determination if the liquid- 
phase adsorption a surface-active agent such a 


fattv acid can be used. When the affinity of the 
fatty acid carboxyl group for the solid surface 1 

eater than its affinity for the solvent, a unimolec- 
yer of omentated fatty acid molecules will be 
formed at the solid-liquid interface in a manner 
imilar to that of a compressed fatty acid film on a 


wate irface The measurement of surface area } 
then reduced to a measurement of fatty acid adsorp- 
This proy circumstance, first investigated by 
Harkir ul has been employed with some- 
what inconclusive results by a number of investi- 
ators In evaluating the surface properties of metal 
metal catalysts, and metal oxides. The specific sur- 


face area values for nickel and platinum catalyst 
fetermined from the adsorption of a number of fatty 
ids from vari olvents, were found by Smith 


nd Fuzek to agree with values calculated by the 


aa id ption technique of Brunauer, Emmett, and 
Pelle the so-called BET technique. And recently 
Orr and Bankston’ have also reported good agree- 
nent between nitrogen gas and stearic acid adsorp- 
tion results in the measurement of the surface areas 
f clay materials. On the othe nd, Ries, Johnson 
and Mehk found only order-of-magnitude agree- 
ment between these two methods in studying sup- 
ported, cobalt catalysts having specific surface areas 

eat as 420 sq m per g; the reason is partially 


ittributable to the very porous nature of the mate- 
l investigating the adsorption of 


long-chain, polar con po inds in organic solvents on 


C. ORR, JR, H G BLOCKER, and S L. CRAIG are associated 
with Georgia Institute of Technology, Atlanta, Ga 

Discussion on this paper, TP 3298E, may be sent, 2 copies, to 
AIME by Dec |, 1952. Manuscript, Dec 4, 1951. Philadelphia 
Meeting, October 1952 

The work reported in this paper was conducted by Georgia In 
stitute of Technology Engineering Experiment Station through the 
sponsorship of the U. S. Army Signal Corps under Contract Nos 
W36-039-sc-38258 and DA.36.039.sc-5411 
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A Rapid Method of Determination 


a number of metal powder concluded that a uni 


molecular layer of stearic acid was formed on expo- 


sure of the solid to the acid solution and that the 


presence of an oxide or another film did not alte 


this result. Furthermore, the adsorption proce up- 
peared to be the same whether or not‘the sampl 
was degassed prior to exposure to the olution 
Greenhill estimated the inface area of one of the 


powders he investigated from microscopic diametet 
measurements, and obtained a rough check with sur 
face area evaluation. Russell and Cochran found 
moderate agreement for alumina irface area re- 
ilts by fatty acid and gas adsorption methods. In 
addition, they also found that the prolonged heating 
and evacuating pretreatments previously used by 
investigators were unnecessary. The present work 
however, considerably extends these previous inve 
tigations, shows that fatty acid adsorption can be 
used to determine the urface area of a variety of 
metals and metal compounds. offers further con 
firmation of the correctne of gas adsorption meth- 
ods, and presents a simplified technique for the de- 
termination of the metal irface area which 1 iit- 
able for routine work 


Experimental Technique 

Basically, the fatty acid adsorption method is quite 
imple. It consists of exposing a sample of the mate- 
rial of which the surface area is desired to a fatty 
acid solution of known concentration. By analvsi 
of an aliquot of the solution, the concentration afte: 
adsorption has occurred may be determined. The 
difference between the initial quantity of acid ir 
olution and the final quantity is that quantity of 
acid adsorbed by the sample. The specific surface 
aurea of the adsorbent material may be calculated 
from the quantity adsorbed and the weight of the 
ample 

In agreement with the findings of others as out- 
lined above, it was found entirely unnecessary to 
degas or pretreat the nonporous materials employed 
other than by drying them thoroughly. However 
precaution was necessary so that the dried sample 
entered the fatty acid solution with little exposure 
to moisture 

The effect of moisture on the interaction of stearic 
acid with finely divided materials has been thor- 
oughly investigated by Hirst and Lancaster. They 
found the presence of water merely reduced the 
amount of acid adsorbed by powder ich as Ti0 
Si0., TiC, and SiC. With reactive material ich a 
Cu, CuO, CuO, Zn, and ZnO, however, water wa 
found to initiate chemical reaction. Only with ZnO 
was reaction observed when the solid and the solu- 
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Conductometnic titration curve 


see sample calculation 


Calculations: 


NaOH t 
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t nt that tit NaOH i to 
juirement the a One e of NaOH 
irea of ZO.5A, 5x10 As d issed 
expe ment. a wance f t we 1 t be mace 
eact Cu ilatior ual ‘ ilat n 
A cle alt i on the ‘ cor 
Data 
Pure ethar blank 
i it ite te te 
\ f t teu 
‘ we OF 
| tor iron idded t ple 
the all the \ ‘ pure etha 
sided t 
‘ t} h hexane and benzene 
Chen Nor t NaOH thor 11 N 
fied t ist Volume of NaOH to titrate 
hetweoen 64 ind 65.5 C wa 
t t 68 ft 69.5 ©) from the 275 100 00 25 
i) i‘) ' ( i present before j rpt 
‘ face equ ‘ oo. x ix 10 
te indications that aa Stearic acid adsorbed 
t te t ete evel atte ‘ 27% 14.29) x 10 
t eted u ifew minute Snerific ‘ ‘ rea ‘ ik 
P j ‘ tat are leemed 4 x ix 60 x ) 10 
More ‘ eaction between the t j per 
t t ecu Deculist 
ft te idditiona istifica While definite ile be en, best results 
ntact period as pt have been ot ned w mple wa 
eve methods are iilable was present, the iantit emoved by adsorption 
the 4 dine metri while ft muct ample W esent, the ample 
bed eve nve irface was not ete ered 
i Gree emt ed Specitic irface are me ements were also ob- 
t The conduct temperature yuld nit ‘ t the edure de- 
\ ecu ‘ {wa ite nd with ethane it the ten t ture ol liquid 
j the ners ea xvgen t the procedure f Wooter nd Browr a 
e Howeve nv of the modified by Lauterbaugh, ! kin, and Leach In 
bee ed the cust of nit ger id ptior an ‘ were 
t t ‘ ! tered evacuated at 250 C f at le t ist t i pre ire 
ended t ted. Samplk tot irf ‘ irea of at 
tt \ t thar , ided to mak east 5 sq m were used in eve With ethane 
' ‘ trat t et wit hour metimes f 45 1 int i ‘ ire of at least 10 
ivdronide. The f NaOH added t btaur mm Hg was attained before beginning adsorption 
rf 
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J fact ' f me of the materia tudied All thing I lered, the result f th nves- : 
est ted from particle diameter measure- tigation e added confirmats the Validity 
ments ie direct with an optical n cope the ga i pt met is as a meal f measuring 
tte pticai mete in the Case of irface ‘ and ind te that fatty acid adsorptior 
finer powds were made from electron micro- a valuable mpa n technique. Li i-phase 
f the Fron 100 t 200 particle ad ptior because exter ve ample evacuation 
liamete were measured in every case, and media! heatu Innece y, and because the method ; 
part hamete were determined by plotting the apid, si ild be usable with heat-sensitive and higt : 
ed diamete n babilitv pape i le - Val pre i mate i we i nm} cor 
bed t Da \ ‘ The irface area was ther t work with metals and with other more stable . 
‘ ilated assuming that all the particlk were materia ; 
‘ ‘ face ‘ lata are tabulated in Table I The autt ave Valle. unce 
With the exceptior f ppe which was approxi- w hose a m the work was carried out, f ! 
mate he al, a f the powders employed con helpfu iggestions, to P. T. Bankston for invaluable 
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Effect of Applied Stress on the Martensitic Transformation 


The martensitic transformation can be initiated by elastic stresses 


at temperatures above ''. in a steel containing 20 pct Ni and 0.5 pct 
C. Shear strains and normal tensile strains acting on a potentia! habit 


HF trai ensitivity of the martensitic trans- 
T formation has long been recognized. It is now 
well Known that martensite formation can be in- 
fuced by plastic deformation at temperatures be- 
low, and not too far above, the M, point. However 
the exact role of elastic vs. plastic strains and of the 


concomitant stresses has proved to be a very elusive 


matte 

Many investigator of the steel hardening re- 
action have made use of the stresses resulting from 
volume changes to account for such observations a 
the xistence of retained austenite and its variation 


acro the section of a bar, the change in the amount 


f retained austenite with quenching rate, and the 


elf-stoppu nature of the transformation when the 
cooling topped The effect of appled strain as an 
ndependent variable has been studied in 70 pet Fe- 


) pet Ni alloys by Scheil and McReynolds Some 
lata are also available for lithium and Li-Mg al- 
Cu-Zn,° Cu-Sn and Cu- 


1 alloys,” and aus- 


It has been found that martensite formation can 
be induced isothermally, even at temperatures above 
! by mechanical deformation of the parent phase 


\ 
The competitive nature of plastic yielding by slip 
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plane promote the transformation but compressive strains oppose it 


and by the martensitic reaction has been depicted 


by Scheil Susically, Scheil postulated that l ut 
temperatures not too far above M, (where austenite 
is less table than martensite), a critical resolved 


hear stress (within the elastic range) ts required 
to promote the transformation to martensite; 2-——at 
and below M the austenite lattice become me- 
chanically, as well as thermodynamucally, unstable 


and shears over spontancously into martensite with- 


out the application of external stre and 3-—at 
temperature ifficiently far above M the critical 
resolved shear stre for martensite formation in 
creases to a level above that required for lip, and 
plastic flow then ipersece the transformation 
when external stre is apphed 


Scheil’s concepts were tested by McReynolds” who 
found no ec} ge in the elastic moduli (measured 
both statically and dynamically) of 71 pet Fe-29 pet 
Ni alloy in the vicinity of the M temperature 
Since the moduli did not approach zero or become 
negative on cooling to M., it was concluded that the 
austenite lattice does not become mechanically un- 
table at M., as postulated by Scheil. McReynold 
also reported that M. is not raised by elastic tre ‘ 


Accordingly, plastic deformation was considered to 


timulate the transformation by generating mar- 
tensite nuclei in the distorted regions of the parent 


phase 
The above issues with regard to the role of ap- 
phed stre require Clarification, if a basic under- 


tanding of the martensitic transformation is to be 
obtained. For example, in the reaction-path the- 
ory it is postulated that strain embrvo exist 


in the austenite that provide part of the activation 


energy for the nucleation proce These embryo 
are visualized to be regions of localized strain in 
which the atoms in the austenite lattice are d 

placed part way along the path to their ultimate 
positions in the martensite. Consequently, it would 
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= 


Stress plastic stram at temperatures above 
rontal undicate stress induced martensitic 
pet C steel 


transtormation 20 pct Ni OS 


adding 


Martensitic Transformation Under Applied Tensile 
Stress 


-unload 


Fig Stress stram at temperatures above 
Ni stee Compore with Fig 
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‘ om temperature The structure were completely 
i treatment was introduced to avoid the iperimposi- 
tion of quenching stress¢ n the applied stresse 
furing ibsequent cooling rh factor will be dis- 
cussed late 
Pri to microexamination, the pecime! were 
isua vy tempered at iD 4 te iv ene ir rder to 
larker inv martensite that n ht exist 
Ter ‘ tre ‘ were ippled t austenitized and 
tre elleved specimer having a gage length of 
2.5 in. and a gage diamet f 0.250 u The loads 
Fig were i eased u mail increment with intermedi- 
: At ute unloading The permanent set, if any, was de- 
termined with two electrica ‘ tance train gage 
mounted longitudinally n eact pecimer For 
tribute to the displacement hange electrical tunce the pecimer 
ee - TT enahle them to achieve the were observed by mear f a Kelvin double bridge 
5: ' ' f icleation at temperatures above ising potential lead potwelded near the fillet 
the i! ue nature of The loading was carried it t va is temperature 
thak come austenite levels, maintained constant t + 0.5°( The sub- 
e9 ‘ *, ts t can be expected that the itmospheric temperatures were achieved by =! 
oka , the magnitude if the applied pe wdered CO. to the oil bath in which the specimens 
hould the tant variable in the nu were immersed during the testir Other types of 
r paper describes a number of tre experiment be described late im the 
: thea ermments that were de ned to resolve papel 
| 
\ ten ntaiming 20 pet Ni and 0.5 pet C The foregoing “load alm” procedure was ap- 
¢ } { t? nvestigation because ts normal plied to austenitized and stress-relieved pecimen 
: formatior ecu na convenient of the 20 pet Ni-0.5 pet C steel at temperatures be- 
| ' ture nwe ind the extent of iso- tween 20 and 25 C. In each instance, stre \ 
#§ / t} te te formation negligibly plastic strain (permanent set) was plotted as shown 
i 7 by mur ' inv pe ble complication n Fig 1 and 2. The method was capable of de- 
t ‘ ble duru the tre tudie tecting plastic train jown t *2x10 Plastic 
; ‘ ete , was 19.99 pet Ni, 0.52 pet C trau ip to 0.012 were studied here 
) t \ 147 pet Si, 0.010 pet P, OO1S pet d, The idden vielding denoted by the horizontal 
; j t nee Fe lines in Fig 1 and 2 corresponds to martensite for- 
2 ect vere istenitized at 1095 C for matior This was estat hed both by the accom- 
: i ed t er itmosphere and panying decrease n electrical re tance and by 
22 Thev were then ibsequent microexaminatior At temperature 
ted \ tubes and stress relieved the vicinity of —15° to —25°C, sharp clicks could be 
} f ved by furnace cooling t heard a ather large amount f martensite formed 
- n burst even though these temperatures were 
lefinitely above the muarter te inge for the in- 
tre ed material 
2 No transformation was detected in the specimen 
trained at 20 C and there was only a slight trace 
. at 0 C: in these case the electrical re tance iIn- 
creased progre velvy with the plastic deformation 
; : Howeve at 15 C and below, appreciable quan- 
tithe of marter te were produced during the tests, 
and (for a given permanent set) increased with de- 
creasing temperature rt trend istrated by 
} the data in Table I 
Even more gnificant the fact that the inception 
f the transformation was induced at temperatures 
. above M. or M, by ter le tre ‘ well within the 
elastic range. For example, at 20 C the elastic limit 
(corresponding to a permanent set of 2x10°) was 
about 17,000 ind it would be expected to be at 
- east as high at —25 C. However, at the latter tem- 
ature thie transformat wa triggered bv a 
ter tre f ontv 1000 It mav be concluded 
20 pet that the M. (and M.) temperature can be raised by 


From the results of these experiments, the vield- t 


by n tar format 


and plastic flow 


and hence 


elativelvy high ter trengt? may be encountered 


A t i 1 austenite twin bound- Fig. 3—Martensitic chevrons lying along twin boundaries of 20 pet 
ari are sometime preferred regions for the nu- Ni-05 pct C steel after plastically straiming at O C. Tempered at 
cleation of martensite inder the application of 315 C for 10 sec Etched with 4 pct mital and | pct zephiran 

tre A hown in Fig. 3, the initial martensitic chloride X500 


tending more le ymmetrically into both the 


was austenitized and stres reheved in the usual 


twin and the mother crvysta This phenomenor 


way. It was then loaded in uniform bending at 20 C 
on 
to a Maximum fiber stress of 14,000 psi, this being 


train ana lir The cooperative atomic 
’ below the elastic limit of the material at room tem- 
displacement n the formation of a mar- " . 
t perature, While loaded in this way, the specimen wa 
ensite plate require considerable movement in the 
" slowly cooled until a burst of transformation 0¢ 
irrounding austenite, and the associated strain en- an 
, curred The temperature at that instant wa 
ergev contribute materially to the energy of nucle- 
t 21.9 C,. which was well above the M M, for the 
ation Howeve nee the twin boundary a muirrot 
unstressed material. The specimen was immediately 
image of the lattice on eithe de, the formation of 
f heated to room temperature, unloaded, and tem 
a pa ‘ I ite ‘ ict the train energy require- i “d . th t t 
) rken li 
ments because both plates tend to move the inter- pered to “darken” the marter ‘ 
: Metallographic examination revealed (Fig. 4) 
vening austenite in about the same direction. Under } 
these conditior the twin boundaric should be that the transformation had taken place in the part 


of the specimen subjected to tensile stress, wherea 


favored te for nucleation, provided that the plat 
— no transformation was observed in the part under 


form cooperatively in pair In th imen repre- 
perative pa © specimen repre compressive stress. Also, the neutral axis of the 


ented by Fig. 3, only a minute amount of trans- 
ot O°C 1] bent bar had shifted toward the compressive side 
ormation occurre a on plastically training 

, sumably because of the vielding on the tensile 
to 0.012 u prt in., but most of it took place along 


ide due to the transformation there 


! 
twin plane in the form of double plates At the 
quantities of martensite appeared, the plates had a 


more conventional distribution 


Martensitic Transformation Under Bending Stress 


Because of the hear-like nature of the marten- 


itic reactions along the habit plane, it might be 
assumed that the stimulating effect of elastic tensile ra 
stres caused solely by the resolved shear com- 
ponent of the applied stres If this were the case, : ' 7. 


~ 
uniaxial compressive stress should produce similar 


result A simple bending experiment will suffice nm 
to prove that ich a shear criterion for the activa- ‘Ne, 

tion of the transformation by stress ts invalid 


the 20 pet Ni-0.5 pet C steel 


| Extent of Transformation as a Function of Tensile- Test 


Temperature 


Table 


Pet Martensite 


Temperature of Formed ‘for Plastic 
Tensile Strain of 
Test, Approximately oor? 


Fig. 4—Longitudinal ‘vertical’ section through bar of 20 pct Ni05 


inde pct C steel cooled to °'. temperature while subjected to elastic 
i bending Top is compression side, bottom is tension side Tempered 
: - ot 315 C for 10 sec Etched with 4 pct mital and | pct zrephiran 


chloride X8 
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of 
may be egarded as two competitive deformation . 
mechanisn While it likely that either may affect , 
the martensit transformation set n before the ° : 
ip proce the ter tre apphed at tem- 
peratures not too far above M,. The onset of the ————_ —— =~ 
transformatior lue to ter t tresses within the Py 
elastic range results in a “premature” yielding, and 
therefore the material may have an abnormally low —<-- 
yield strength. Howeve it is evident from Fig. 2 ee = : 
that the formation of martensite under stress pro- a 
duces more effective train hardening” (cf. curve 
for 15 and —20 C) than does the ordinary slip ° : 
mechanism (cf. curves for 20 to 0 C), 
— | 


nt martensite formed during the burst 


temperature 


Effect of Residual Stresses on Transformation 


Fig 6—Martensite formation in 20 pet Ni OS pet C steel austem 

tized at 1095 C, quenched to room temperature, and subcooled to 

201 C:. Tempered ot 315 C for 10 sec Etched with 4 pct 

nital and | pct zephiran chloride Note completely austenitic rim 

Bottom of picture shows martensitic plates formed toward the in 
terior of the specimen X10C 
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the ase the bending expe ment the t iT 
tio ake plac 
ter ‘ tre rm the e of the t men, the re 
the } ccu ¢ nd the n re 
ted it become Wit ttle « ‘ jual stre 
present, the M, temperature Ne nd the burst 
On the th ea rir tn be pre- 
licted that the completely austenit in en nif 
afte thre burst as matre ‘ ‘ ed 
f 
; 7 ich as that of Fig. ¢ hould unde transforma- 
martensite formed in the core cause n expal ! 
there whict educe the ter ‘ tre he core 
i we is the mpre ve tre ‘ nm thie 1? 
‘ vas confirmed nm con re me 10 1 io © below 
the transformation became your at 
‘ ‘ thy wme it 
the tramsve ‘ ection of the pecimer 
‘ } how the effect of the ipe or t 
nd ad ‘ ‘ it liam x 2'+ 
perature, placed in elastic bending along the centra 
i ‘ portion, and then cooled until a bu na- 
‘ indoubted pla it mit taunt part ax 
wa noted by cu unece easure 
+} com ent of tre 
‘ ‘ ‘ After temperit the pecimer to 
By the martensite, cro ectior were examined metal- 
‘ ‘ ca graphically in regior ibjected he bendy 
‘ 5u ind in regions external to the bendi clam} Pig 
ib illustrate he latte i ‘ 
‘ i ‘ ut id ind ad cal core of transformation corresponding to the ate 
et !' esses are thereby neglecte of high tension in the interior produced by the water 
tre es Ma nfluence the transforma 
the reason fe tre ‘ 
t pecimens prior to the apphed 
vav: Two series of '4 
t? tre eved at 480 for 
4 ret were found to have 
pecimet without stre 
‘ ture between 20 and 
Furthern the an int 
Vo temperature rt co 
f both series of specimet 
' ed ‘ t was found that ad 
ed duru the burst 
the rhe specimet 
| ‘ nt ‘ iusteniti« 
formation being confined 
} 4 the iu ter t ‘ po 
with me of the ma 
7 the pecimer ~ 
er ntained a rela- - A 
tenitized The 
vel re the irface A n 
= 


Criterion for Effectiveness of Applied Elastic Stress 


lt t 


‘ i ‘ ro} 


Fig. 7—Martensite formation in 20 pct Ni05 pct C steel austen 

tized at 1095 C then treated as indicated Finally tempered ot 

315 C for 10 sec and etched with 4 pct nital and | pet rephiran 
chloride X10 


o top Oil quenched trom austenitizing temperature, stress 
reheved at 480 C, and subcooled to 37 C Note relatively 
uniform distribution of martensite across the transverse section 


b— center Water quenched from austenitizing temperature and 
subcooled to 20 Cc Note completely austenitic rom with 
transformation contined to the central portion of the section 


c— ‘bottom —As in b, but with elastic bending moment superim 

posed on quenching stresses during the subcooling to 20°C 

Note the shift of the transformed region toward the tension side 
bottom of picture of the applied bending moment 
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ie? } 7 r r w the ‘ of trar 
hanged in shape and shifted to the 
‘ f the ecimen where the bendir moment had : 
compre ve stresse n the rin gy 
: 
for the initiation of the transformation } ippled 
‘ tre take nt wcount the norma a 
is the hea component A feasible approach 
‘ ved } ‘ ature trie 4 
ter t te nv ve twe lisplacement the f t 
beir homogeneous strain that can be described 
the motior fy nes of ne tation and no dis- . , 
t f atom motion does not he in tt plane: hence 
the d ement not one of simple shear. It may 
be imed that this first strair the primary dis- 
placement that occurs during the nucleation proce 
The second strain, which fina elds the marten- ’ Six 
\ 
tic structure homogeneous only ove mall re- oar a 
ompared to the volume of the plate, and will 
t fed as ving no gnificant rok m the 
tivation phenomenot rhe planes of no rotation 2 
nd listortion during the first strau de past 
ne anothe corresponding to a shea train of about z 
02; but they a move apart, corresponding to a : 
norn (dilatation) strain of about 0.05.* Thus, the ** 
‘ ‘ t Fe-30 pet N 
effectiven f ar pplied stre hould depend : 
ipon its ability to produce both shear and normal : s 
tra f the rect magnitude with respect to a 
pote hat ore a " woreover, a normal Con 
re ve component oppose the dilatation strair 
f the transformatior whereas a normal tensile . * 
component will aid it According to th concept 
T t ‘ equ ‘ ‘ 
thie ‘ ilt f uniaxial ter on and of uniaxial com- 
‘ n are expected to be quite different 7 
The fore nz combined strain criterion can be a 
treated quantitatively through the use of a Mot ‘a 
ee nvolved of plane strair need be con- 
fered nad the train <« cle are epresentative of 
al nuitudinal plane passing through the tensior 
compre or In tt method of depicting 
nlane st the principal strair («, and «) are 
plotted along the x-axis from a common origin (Fig . 
‘ 
and a le constructed of radiu 
lirectior The circle passes through e«, and and ha 
enter at Letting Poisson's ratio, 
then « « where « is the principal (positive) i 
train parallel to the tension axis and e, is the princi- A 
pal (negative) strain perpendicular to the tension 7" 
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Mohr straw circle depicting 


strams as a function of orventation 


Fig 9—Fractional decrease im electrical resustivity vs. tem 

perature for specimen of 20 pct Ni 05 pct C steel cooled 

a without applied stress, b with umanxial tensile stress 

of 15.000 psi, and ‘c with uniaxial compressive stress of 
15,000 ps: 
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py te sig! n the lateral direction du to 
tio.) Howeve nce most of the orien- 
tat nw nstance istain I mai compre ve 
t i eaction would tend t be in- 
' hibited, and M, should be vered even though M 
by the pt ed compre ve tre 
Phu while M ( M. f the unstressed 
- , , t predicted that M 7C M. for the 
ay inian y compressed alloy. Of course, under uni- 
ix ter on both M. and M r ild be raised ac- 
jit to the f posed criterion and this has been 
femonstrated already (Fu l and 2) 
I teat the ibove edict austenitized and 
tre ‘ ey | pecime! were e@lastica loaded at 
y m tempe iture and elect cal tance change 
vere measu 1 ibcooling with the peci- 
‘ rer inde onstant stre Uniaxial compression of 
- 15,000 | was apphed in one run, and uniaxial ten- 
: : n of the ime magnitude was applied in another 
Unloaded pecimet! were also checked ft compata- 
tive purpose The resulting curves in Fig. 9 show 
that M. and M. were used by 17 ¢ n the tension 
experiment, while in the compre on run, M, was 
itched ala ce raised by 10 C and M, was lowered by 6 C . 
: The elative effectivens of uniaxial tension and 
ompre or nducing the transformation can be 
sormol ond shoo = 
ait ited G ait tir that the ‘ t tal comet ned 
: train can be defined by a shear component and a 
‘ ‘ mal component eq 1 vields iniaxial ten- 
‘ ‘ 
4 ‘ ‘ 
he strau ta rad rigele nd for uniaxial compressiot 
is t i plane whose 
‘ ‘ | door thy ‘ nevative) 
ig the woint denot It then assumed that the critical components 
ind « stand in about the same ratio as the observed 
{ ) 7 1. hear and normal components (0.2 and 0.05) of the 
‘ ‘ 
‘ ‘ 
| hie iit t ‘ 
the ppled strai > 
~ 
tweet nad ao +} 
the avr i 
thy thy hand. be 
ese irticula 


o—Subcooled to 45 C with outer rim under trional compressive b—Recooled to 45 C without applied stress Note relative uni 
stress Note lack of transformation there formity of the transtormation across the section 


Fig 10-—Martensite formation in 20 pct Ni-05 pet C steel austenitized at 1095 C, water quenched to room temperature, and subcooled 
as indicated Finally tempered at 315 C tor 10 sec and etched im 4 pct mital and | pct rephiran chloride X10 


first transformation strain Substituting in eqs 2 the specimen due to the tensile stre there. Th 


0.3, it follows that was found to occur as a burst at $1 ¢ (It evi 


ths 


applied compressive tre pat 


«. (compression) 1.8, (tension) [4] 
tension in the core and there 


residual 


axial stre sin compre ion 


ranstormation set in at a lower temperature 


t he t stor tion 1 ler pive 
qu ial he transtormation under a piven 
ne compressive load had not been applied 
et of conditions is 1.8 times the uniaxial stress in . 
‘ - i ich loading, the water-quenched pecimen 
t red to initiate the transformation unde! 
: would start to transform in the core at about 
th am mndition ore 
ne — oe : 26 C.) The aluminum has about the ame thermal 


A direct ¢ xperiment to test this ¢ alculation has not 


coeflicient of contraction as the austenitic alloy, and 


vet been made, but the fact that the raising of M, by hence it resisted the expansion due to the trane- 
t . formation in the core at —31 This generated com 
stands a good chance of being quantitatively correct 
It would also give strong support to the reaction- s imated “ be compa able to the elastic limit) and 
path concept which provide the basi for the the appiied axias compre: on completed the tate of 
triaxial compression The lateral constraint pro- 
4 vided by the aluminum block was definitely opera 
ussumption that > tive, as indicated by the fact that the applied axial 
‘ : tres jumped from 15,000 to 16,000 psi imul- 
Experiments with Triaxial and Hydrostatic Compressive taneously with the burst. However, the applied load 
Stresses was quickly reduced to the original value in the 
The positive normal strains that exist in a uni- testing machine before further cooling 
axially compressed specimen because of Poisson's The specimen, triaxially compressed as described 
ratio are eliminated in case of triaxial and hydro- was cooled to 45 C, held there for 5 min, returned 
static compression. Furthermore, in the latter cast to room temperature, and unloaded. The aluminum 
the shear components are also avoided Therefore, blocK Was removed, and a portion of the pecimen 
the combined strain criterion indicates that both M that had been surrounded by the block was te mpered », 
and M hould be lowered by triaxial and hvydro- at 315 C to “darken” the martensite. From Fig. 10a ; 
on it can be seen that the core of the rod had undergone 
am x 3 in. long specimen Was austeni- transformation, corresponding to the burst at 
tized and water quenched. Without being stress re- 31 C, but the rim was austenitic even after the 
ieved, the specimen was copper plated and pressed cooling to — 45 C. The small amount of transforma- 
nto a central : in an aluminum block, 2 in. OD tion visible near the edge of the pecimen was un- 
x lin. long. The specimen was then loaded in uni- doubtedly an extraneous effect of the iperficial d 
axial compression to an elastic stress of 15,000 psi tortion that occurred when the rod was forced into 
and cooled slowly below room temperature. It wa the aluminum block. When the same specimen wa 
experiments on residual stresse recooled to 45 C, under no external stre the 
lation would start in the core of martensitic transformation took place in the pre 


JUNE 1952, JOURNAL OF METALS—667 


\. 
| 
‘ 
and 3 and lett ae 
TRANSACTIONS AIME 


Acknowledgments 


References 


\ K 


668-—JOURNAL OF METALS JUNE 1952 


TRANSACTIONS AIME 


ssi 
+ iM 44 
‘ Dimer nal Change pat nyo the 
’ ' Phenomena of Tempering a Aving Tool Steels. Ty 
: adi it 1926) 9, p. 277 
r liane ni ind Sct vier Ov Marter te 
I ASST 1926) 9 pr 69-233 
“ty > Hoyt: Stresse r Juenched and Tempered 
teel. 7 A SS.T. (1927) 11, pp. 509-530, 65 
K 7 i, and S. Sekit On the Quantitative De- 
he natior f Retained Austenite in Quenched Stee 
- t det ( will Re Sendai. Series 1 (1930) 20, p. 377 
tne F Tessellated Stresses, Part I a! 
nd Steel Inst. (1943) 148, | 
EF Sehe Uber die Umwandlung cde Austenits in 
Summary im unter Belse- 
t t tN pet tung. Ztsch. anorg rT Chemie (1932) 207, p. 21 
tress | beer \. W. McReynolds: Effects of Stress and Deforma- 
n be tpplied Physics (1949) 20, p. 896 
( S Barrett and O. R. Traut La Temperature 
; — n be initiated Transformation in Lithium and Lithium-Magnesiu 
t Hence \ \IME 194 175. p Mevats Tecu- 
‘ ne of votocy (April 194 
‘ 4 B. Greninger and V. G. Mooradian: Strau 
Transformation in Metastable Beta Copper-Zine ar 
Beta Copper-Tin Alloys. 1 MIME (1938) 128, 
that 4 B Greninger: The Martensite Transf tion it 
Beta Copper-Aluminu \ I AIME (1939 
133, p. 204, discu n, p. 2: 
. . K. Mathieu: Effect of Alle element Content and 
Testing Conditior n Ga ito Alpha Transfor tor 
n Cold-Deformation of Austenitic Stee ire! 
led a 1 erpon fe Eisenhuttenwese December 1942) 16, p. 21 
sale C. B. Post and W. S. Eberly: Stability of Austenite 
tive (te norma n Stainle Stee T (1947) 39, p. 86 
tive (compre D. J. MeAda Ir. W. Geil, and F. J. ‘ 
N_A. Ziegle iP. H. Brace: Hardeni f Auste- 
nit Stainle Steeis t Mechar il Worku it Sul 
j j tat mponent of the sture Pros AST M 1950 p 861 
ements a the | formation, and M. Cohen. E. S. Machlin, and V. G. Paranjp 
} vith the Nil bservat lhe xivnan the Marter Transfor 
2 Phermodynat n Pt il Metallurgy. 7 ASM 
1950) 42A, p. 242 
E. S. Machlin and M. Cohen: The Isothe Mode 
the Marte t Transformation. JouRNAL or METALS 
1M ‘ ered by triaxial and May 1952), 7 AIME, p. 489 
E.S. Machlin and M. ¢ er t Phenomenon it 
, the Martensitic Transformation. 7 AIME (1951 
191. p. 1019; JourNAL or Meta November 1951 
G. V. Kurdjumow and O. P. Mak 1: Kinet 
t? t luced trat f Austenite to Marter te Transf mation at Low Te 
{ { mpetitive de perature D iA ‘ N SSSR (194 61 
‘ } exter the crt Pie N p 
nfluence the othe G. V. Kurdjumow and O. P. Maksimovy On the 
J Energy of Formation of Martensite Nuclei. Dot 
Nauk SSSR (1950) 73, p. 95 
’ . B. S. Lement and S. C. Das Gupta: Isothermal 
High Cl um Steel. Ty AIME (1951) 191, 
husett Institut of JOURNAL OF METALS (September 19 
‘ ‘ ru S A. Kul ind G. R. Sperct Isothermal Marten- 
on hit fa re JourRNAL oF Metats (March 1952), 7 AIME, p. 25% 
' which this w , part E S Machlin and Morris Cohen: The Burst Phe- 
enot ' the Marter ti Transfor Tr 
AIME (1951) 191, p. 746; Journat or Metats (Septem- 
‘ tier & Part R Heindlhofer Era t f Re Stress 
Il—The Effect of Applied Stre nd Strain on the 1948) New York. McGraw-Hill Book C¢ 


OFFICERS 
Vice Pr jen? 
(Se 


New England Regional Conference Delegates 


Hear Problems to Be Solved in Space Travel 


AIME 


i technical pr 


ind 4 ild n readily 

‘ that hear effect. The gral committee, George S. Dow 
sting fluids was clearls ng, General Electric Ce Bruce S 
Dr W ple Old, Arthur D. Little, Ine Llovd 


liar Stearn Bridgeport Bra 
( Maur J. Weldon, Henry G 
ra Co 


iiready under way 


tH a ioe periments were limited to ingots of Regional Meeting to be held under 
pact than 300 they were now chairmanship of James H. Moore 
theme, tha Eine off Final 1952 Budget 


tt! ' the " He pointe it The final budget for 1952 was ap 
the ' ised and their applications, and proved by the Board at its April 16 
\The banquet v f opened vent or to liscu ibstitution meeting neome from initiation fee 
eB & Copper et i ind ble uses of alumi- ind due it $326.000 ($306,000 
( , ft nference. He nu rT. Y. Wilson, Allegheny Lud in 1951 from publications $221,000 
te A i Steel Cory gave i paper n $205,000 in 195] ther ource 
And 4 N Is ‘ Zur ( t ms Casting f Stee bring $7000 ($11,000 in 195] total $554 
' IMD ip t iate the developments of 000 ($522,000 last vear Expense 
47. Mr. A , n behalf the R Junghans continuous cast for membership services and field 


1.000 in 1951 publications $311 


te t the head table ind ther failures was held Saturday morning 000 ($294,000 in 1951 ind general 
I ‘ nt juce Dr. Whipple inder the chairmanship of A. J ind administrative headquarters ex 
The t t f the H Pepi nan-Gordon Co. Mecha- pense $129,000 ($139,000 last year 


nd the follow f Fa r Meta was pre- W Ist 


the au ‘ etts Institute of Technology. He $265,500, expense $244,500 

I ( F i presented in a simplified manner the ncome $163,400, expense $180,300 
\ : t plant triy principle theories and formula de- Petroleum income $125,100, expense 
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Why AIME Members Should Vote For MIT to Dedicate 
A Continuance of the Present Scale of Dues Metals Processing Lab 
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Student Conclave Attracts 
128 Delegates to St. Louis 


Annual Mee ting Paper Deadline 
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Proposal to Continue 
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For Student Status Change 


Art. I 


\ 


Washington Award Goes 
To Henry Townley Heald 
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ep That me ent 


No Change In Extractive 


Metallurgy Publications 

At it April meeting, the Boar y 

IE 
Branch Council Heads tive Metallurgy Div. prefer t 5 
a i appear in one journal and Members Urged to Return . 

Now Ex-Officio Directors St the publis! 
\IME bett Section of @ 4 
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METALLURGICAL 
LABORATORY 


EQUIPMENT 


provides the metallurgist with the most 


complete line of modern designed precision 

machines for specimen mounting and prepara- 

tion available anywhere in the world. This 

finely made equipment has been developed 

through a thorough understanding of the 

requirements of the metallurgist and a rigid 
insistance on pertection in the mechanical design 
and construction of each tem 


Model N low Fyervthing needed tor metallurgical testing trom 
ode 1506 low speed pol 
pped with No Due cutoff machines, moulding presses, and grinders to 
ectro Polisher—No. 1415 Press the mechanical or electrolytic polishers ts included 


in the Buehler line 
In setting up complete laboratories or adding 
THE BUEHLER LINE OF SPECIMEN PREPARATION EQUIPMENT items to present equipment the metallurgists will 


iInCiuoes 
. find in the Buehler line of Coordinated equipment 


evervthing needed tor producing the best work, 
with speed and accuracy 


Write for bulletin of new equipmer f 
OF pect m. We invite correspond 


ce relat to nz up complete laboratories 
table ticul ement 
Exclusive U S agents for Amsler and Chevenard Testing Machines 
e 
ae stein 


METALLURGICAL APPARATUS 
165 WEST WACKER DRIVE, CHICAGO 1, ILL. “ 
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r Research Foundation, Chicas 
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STEEL INDUSTRY 
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f Metal Hydrides, Ir 
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technical bulletins giving 
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Now you can have Burner Ports that keep their o 


riginal contours 


‘ 


These RAMTITE Burner Ports in an oil fired continuous heating furnace, 
after better than three years service, have lasted three times as long as the 
previous pre-fired Burner Blocks and still have perfect burner cone contour 


For maximum fuel and furnace efficiency the Ramtite field men know the places where 


ports in a burner wall must be designed in exact Ramtite can be used to best advantage, 
accordance with the specifications of the burner and how it should be installed. Why not 
manufacturer, otherwise there will be improper let one of our men survey a troublesome 
flame shape resulting in flame impingement and furnace and give you his recommen 


dan ige to retractories or to stock dations” 


Why be so careful about burner cone design if 


they can't be kept correct? Pre-fired burner T H E Me A M T | T E co. 


blocks freque ntly start to spall and crack soot 4 
after going into service Ramtite won't 1811 S. ROCKWELL ST., CHICAGO 8, ILLINOIS 


RAMTITE 


PLASTIC AND CASTABLE REFRACTORIES 
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To correlate current knowledge 


and help further research 


IMPERFECTIONS IN 
NEARLY PERFECT CRYSTALS 


H oH 


(re 


490 pages lust 


Send For Copy on Approval 


WILEY & SONS, INC. Dept. sm-652, 440 Fourth Avenue, New York 16, N. Y. 


ELECTRIC MELTING 
FURNACE 


1s ever, the dependable furnace for the production 
gh-grode stamless, alloy and rimming steels 


f of new design now available 


for the lor jer furnaces 


AMERICAN BRIDGE DIVISION 
UNITED STATES STEEL COMPANY 
General Offices) 525 William Penn Place. Pittsburgh, Pa 
Contracting Offices in New York, Philadelphio, Chicago 


San Francisco and other principal cities 


AMERICAN BRIDGE 


JOURNAL OF METALS JUNE 1952 


{ 
ONTENT 
— 
| | 
\ « 
| 52 $75 
t 


mui... 


Stokes Microvac Pumps 

are known for their low power 

consumption... high mechanical 
and volumetric efficiency. 


Long trouble-free service can be expected from Stokes 
Microvac Pumps, perfected during more than 40 years of practical 


experience in the development of complete vacuum processing svstems 
The four simple moving parts are easily accessible. All parts ar 
precision-fimished, standard, and interchangeable. Lubricatwr fully 


automatic to all friction surfaces 


The large full-opening exhaust valve of corrosion-resistant Tetlon is 
highly sensitive to pressure differential exhausts ait mpletely at each 
stroke without re-expansion. 


An Clarifier and a Devaporizer are available for continuo rification of 
\ lubricating o:] when dirt and solvent vapors are present 
Stokes Microvac Pumps, air-cooled in the small sizes at water-cooled 
* in five larger sizes, range in capacity from 15 to 500 ctn 


Stokes 1s the only manufacturer of equipme 
Micrevac mechanical pumps, 01 diffusion pumps, McLe 


nt for compiete vacuum systems, inchuding 


Consult with Stokes on the application of vacuum to 


vacuum sintering, melting, de 


gassing, heat treating, inert gas 


purging, vacuum metaliiz- 


ing, and to other applica- STOKES MAKES 
tions in which vacuum 
Plastics Molding Presses, 
Industrial Tabietting 
and Powder Metal Presses, 
Pharmaceutica! Equipment, 


Vacuum Processing Equipment, 
High Vacuum Pumps and Gages, 


Special Machinery 


deserves exploration. 


F. J. STOKES MACHINE COMPANY, 6616 TABOR ROAD, PHILADELPHIA 20 Pa. 


gn 
— 
Send for FREE Stokes 
Vacuum Calculator. This 
Centigrade to Fahrenheit conversion. < 
FI 
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ME 
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PROGRESS REPORTS FAVOR EXTENDED USE 
OF NATIONAL CARBON IN BLAST FURNACES 


TRADE MARK 


The 
NATIONAL CARBON COMPANY 


A Division of Union Carbide and Carbon Corporation 
30 East 42nd Street, New York 17, N.Y 


pes 


@ The future ot National’ carbon as a preferred material 
for blast ipmace linings uw detinitely assured by the 
of as extra long lite in hearths and 

in side walls all the way up to the mantle 

ire that. as carbon goes ap the 

osts come down. Fewer shutdowns 

) casts are consistently being obtained in 

existing installations. And increased capacity can be 
expected to result from the use of thinner wall sections, 


made possib 


by this ideal turnace-lining material 
Furnace operators are urged to keep their eves on 
thor 


ind on the growing body of data covering its use 


vwodern, high-tonnage-lite turnaces, 


oTHER NATIONAL CARBON prooucts 


BLAST FURNACE LININGS » BRICK + CINDER NOTCH LINERS + CINDER NOTCH PLUGS - SKIMMER 


BLOCKS + SPLASH PLATES + RUNOUT TROUGH LINERS + MOLD PLUGS - 


TANK HEATERS 


: 
oo, 
‘cra 
UY THIS ITEM? j 
No meta ‘ 
Test ut an S25 
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John Calhoun, Jr. Charles Holland 
T. G. Chapman P_D. LL. Honeyman 


Gilbert Doan Masen 
C. R. Dedson S. Morris 
George Enos Ralph Nieken 
Paul Fitzcerald F. P. Pfleider 


H. H. Power J. W. Spretmak 
L. C. Raymond W. A. Staab 
Frederick N. Rhines J. U. Teague 
James K. Richardson C. A. Warner 
Vernon E. Scheid A. W. Walkes 
H. Rush Spedden H. C. Woods 


SUBCOMMITTEE ON STUDENT 
PRIZE PAPER AWARDS 


William A. Staab, Chairman 
Ralph F. Nielsen J. W. Spretnak 


LIBRARY 
Executive Committee 


Frank T. Siseo, Chairman, "54 
E. H. Robie, Secretary AIME, 
ex officio 
H. R. Aldrich R. F. Miller 
J. Z. Briggs W. M. Peirce 
Louis Jordan Harold J. Rose 


COOPERATION WITH THE 
CANADIAN INSTITUTE OF 
MINING AND METALLURGY 


Sherwin F. Kelly, Chairman 
Alan E. Cameron W. G. Habler 
C. Camsell A. Ignatieff 
A. B. Cummins Philip Kraft 
R. W. Diamond Hans Lundberg 
J. A. Drain Vv. R. MacMillan 
Norman R. Fisher R. R. McNaughton 
Horace J. Fraser R.G.K. Morrison 


Gerow D. A. Pifer 
H. M. Griffith J. A. Retty 
R. P. Hamilten N.C. Pearce 
Ira K. Hearn Hl. L. Roseoe 


Hugh Spence 


Oliver Hopkins 
L. E. Young 


SEELEY W. MUDD SERIES 
VOLUME ON HEALTH AND 
SAFETY IN MINING 


Editorial Advisory Board 
Clarence M. Haight, Chairman 
J. J. Carrigan Daniel Harrington 
George H. Detke Theedace Marvin 
Oscar A. Glaeser T. ©. Mardock 
R. R. Sayers R. Dawson Hall, Editor 


; 
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SEELEY 


VOLUME 


W. MUDD SERIES 
ON MECHANICAL 
AND HAULAGE IN 
NDERGROUND MINES 


LOADING 


piell K. b. 
J t oulte bugene MeAulitfe 
! I. bi KR. Salvats 
‘ Loum Ware 
Civde bo Weed 


COMMITTEE ON NOMINATIONS 
1953 AIME OFFICERS 


FOR 


Varme n parentheses are alternates) 
John KO Suman, Chairman 
Henry T. Madd 
bras fameron (Philip Do Wilson 
Henry AL Dierks (D. Helms) 
spailkbury (Thomas H. Miller) 
William A. Mueller (Harley Lee 
Thomas M Broderiuk 
Satterly) 

Armor BO Martin K. Graham 
Drury A. Pifer Albert Hl Mellich 
t.corge Dub (Basil Kanter 
M. Tittman (Guy FE. Ingersoll 
5. Clarke (John W. Chandler) 
Edwin Ro Price J. Murray Riddell) 
HE Behre, Jr. (Grover Holt 
John Sullivan (Maxwell Gensamer 
John EF. Sherborne (Llevd Elkins) 
(eorge P. Halliwell 
HM. Griffith (C.D. King) 
Maxwell Gensamer Max Ball 
GENERAL MEMBERSHIP 
Committee ts composed of chairmen of 
Lecal Section and Division Committees 
on Membership.) 

I B. Counselman, Chairman 
J. Praser, Vice Chairman 


Appleton, Secretary 


Coal trerald Ro Spindle 


Patractive Metallurey— DB idford 
Industrial Miner A. ©} Bartell 
Institute of Metals W. J. Harr 

lron and Steel 1. J. 


Vineral onomics Ro 


Vineral Industry Edu 
bugene Mo Thomo- 
Minerals Bene ficiation Bonardi 
Vining, Geology and 
Vining Subdivisio Leland (A. Walker 
Ceology Subdivision Claston Ball 
Ceophysics Subdivision Homer Jensen 


Jack M. Moore 


Petroleum 


LOCAL SECTION 


tlasha 


frizona 


Douglas B. Colp 


Black Hills— Gerald Nan 
Boston—A. M. Gaudin 
Carlsbad Potash. Clark 
Central Appalachian 

Dennis Carney 


Cleveland —R. F. Hehemann 


(vlorado Asher Patten 


Columtia— John W. Lowry 
Connecticut. William Moun: « 
Delta A. H. Glenn 


Detroit 

East Tews I Schetrman 
El Paso Metals W 
tlordia John You 
Gulf Coast ALS. Trube 
Kansas— J. T. Gary 
Lehigh Valley ROM 
Vid-Continent 
Vinnesota 
Montana BR. ¢ 
Veruda HB 
New York 
North Pacific—D 
Vorth Texas—R. H. Rantala, Forth Worth 

K. F. Anderson, Dallas 

B. J. Miller, Wichita Falls 
Ohio Valley William 
Oklahoma City 
Orezon—-D. H. Beetem 
Penna Anthracite J. T. Griffiths 
Permian Basin -R. P. Kirk 
Philadelphia Korostoff 
Pittsburgh H. Hollingsworth 
St. Louis J. C. George 
San Francisco ©. Lokken 
Southeast. trank Dovle 
Southern California 
Southwest 


Donahue 


Johnson 


Chessher, Sr 


\. Somerville 


Newton 


Bernt 


6 
Advisory Board 
lauder Evans, Ji Chairman 
- 
4 
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B30 


B58 
C34 
Col 


Southwestern Alaska 
Southwestern New Mexico Wt Word Bvoming—l. M. Charles 


James I 


Cleveland Dodge 


E. R Kaiser, 


Frank T 


Otto Herres, 53 


Washington, 


Tristate—Ernest Blessing Veuco Alex Edelen 
Upper Peninsula—k. W. Denton Philippine 
Utah—B. L. Sackett Rio de Janeiro 


Head, “55 


F. Moulton, “53 


Paul D. Merica 


THE ENGINEERING FOUNDATION 


Research Procedure Committee 


E. R. Kaiser 


Head, Chairman 


James L 


“isco, 


J. K. Richardson, “53 
E. W. Ballard, ‘53 Alternate 


SECTIONAL COMMITTEES 
Safety Code for Cranes, 
Derricks and Hoists 


Classification of Tools, Fixtures and 
Cages 


Deep Well Vertical Pumps 


Bert H. Puerner 


L. A. Danse 
James A. Barr 


Mercury Are Rectifiers S. FE. Maddigan 


Electric and Magnetic Magnitudes 


and Units «. A. Heiland 


OFFICIAL AIME REPRESENTATIVES 


UNITED ENGINEERING TRUSTEES, INC. 


Advisory Committee to Real Estate Committee 


a. 4 Meagher, ex officio as President, UET 


ENGINEERING SOCIETIES LIBRARY BOARD 


AMERICAN STANDARDS ASSOCIATION 


Mining Standardization Correlating Committee 


Wimpfen 
i 
E. C. Meagher, °52 
ail 
Herbert Hoover 
W. M. Peirce, 
E. M. Wise 
H. H. Otto, °53 
B52 
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Electrical Equipment in Coal 
Mines 


Drainage of Coal Mines 


W ire Rope for Mines 


Construction and Maintenance of 


Ladders and Stairs for Mines 


Rock-Dusting Coal 
vent Coal Dust Explosiens 


Safety Code for Coal Mine 
Transportation 


A. Lee Barrett 
C. Conway 


W. Alfelder 
R. E. Hobart 


E. R. Borcherdt 


Clarence E. Berner 
M. D. Cooper, alternate 
John W. Buch, alternate 


Mines to Pre 


H. N. Eavenson, Chairman 


Alfred W. 


Hesse 


Fire Fighting Equipment in Metal 


Mines 


Flectrical Equipment in Metal 
Mines 


hical Svmbols and Designa- 


Petroleum Products and Lubricants K. G 


Sieves for Testing Purposes, 
Specifications for 


Performance Requirements for 


Protective Ove 
tter 


Permeation 


759 


upational Footwear 


FE. M. Norri« 


Graham Bright 
‘ “Mevenson 
A. H. Hubbell 


MacKenzie, 
Taber, Jr., 


(Chairman 


George H alternate 


J. B. Morrow 
A. F. Taggart 


W. OH. Lesser 
A. F. Taggart 
E. Lloyd 
Morris Muskat 


George Fancher, alternate 


NATIONAL RESEARCH COUNCIL ALFRED NOBLE PRIZE COMMITTEE 


Division ef Engineering and Industrivl 


Re b 
Ralston 


Oliver 


Young, ‘56 


JOSEPH A. HOLMES SAFETY 
ASSOCIATION 


JOHN FRITZ MEDAL BOARD OF S. H. Ash 


AWARD 
Weather, 52 
FE. Young, 53 

H. Mel aughlin, 
M. Peiree, “55 


HOOVER MEDAL BOARD OF 
AWARD 
Seott Tarner, ‘56, Chairman 
Paul D. Merica, ‘54 
Cadwallader Evans, Jr. °57 


WASHINGTON AWARD 
COMMISSION 
R. A. Lindgren, 53 
William E. Mahim, °54 


AIME REPRESENTATIVES ON 
ENGINEERS JOINT COUNCIL 
W. M. Peirce 
L. E. Young 


Mie — 
tions 
: 
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Head, Alternate 
I Haider, 
4iMeE. ex officio 
H. Robie, 
Secretary AIME, ex 
J. V. Beall, 
Editor “Mining Engineering” 


James L 


President 


officio 


EXECUTIVE COMMITTEE 
Young 
ilternate 


L. 
J. L. Head, 


ENGINEERING MANPOWER 
COMMISSION 
George Corless 

H. K. Work 
E. H. Robie, 
Secretary AIME, ex officio 


INCREASED UNITY OF THE 
ENGINEERING PROFESSION 


James L. Head 


SPECIAL SURVEYS 


¢ ooper 


INTERNATIONAL RELATIONS 
J. T. Duce W. Wright 
E H. Robie 


ASSISTANCE 
A. B. Kinzel 


TECHNICAL 
J. W. Barker 


F. T. Sisco 


NATIONAL WATER POLICY 
L. Clark 


ENGINEERING SCIENCES 
A. M. Gaudin R. M. Brick 


SALARY STABILIZATION 
John V. Beall FE. H. Robie 


LABOR LEGISLATION 


Francis B. Foley 


NATIONAL ENGINEERS 
Jalian Conover M. J. Jameson, Jr 


ENGINEERS IN CIVIL SERVICE 
W. H. Wagner 


SECRETARIES 
E. H. Robie 


CONSTITUTION AND BY-LAWS 
J. L. Head 


ENGINEERS COUNCIL FOR 
PROFESSIONAL DEVELOPMENT 
Curtis L. Wilson, “52 
J. R. Cudworth, 53 

E. Lawall, “54 


COMMITTEES 
R. MecKeithan, Oct. 
Education— Curtis L. Wilson, Oct. "52 
Recognition. Robert L. Hallett, Oct. 52 
Guidance Cooper 

Student Development Roland D 


Training D 


Parks 


JOINT COMMITTEE ON 
ENGINEERING SOCIETIES 
MONOGRAPHS 


Reed W. Hyde, Oct. 52 
J. L. Landermilk, ex officio as Chairman 
Technical Publications Committee, 
Oct 2 


ENGINEERING INDEX 


Frank T. Sisco, “55 


COUNCIL OF THE AMERICAN 
ASSOCIATION FOR THE 
ADVANCEMENT OF SCIENCE 


C. Baldwin Sawyer, "52 


O. B. J. Fraser, 52 


AMERICAN DOCUMENTATION 
INSTITUTE 
Francis B. Foley, Jan. 53 


AMERICAN GEOLOGICAL 
INSTITUTE 


J. L. Gillson, °52 
te 
George Fowler, "5 


COMMITTEE ON GLOSSARY OF 
GEOLOGICAL TERMS 
W. T. Sehaller 
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PROFESSIONAL BRANCHES AND DIVISIONS 
OFFICERS AND COMMITTEES 


BRANCH COUNCILS 


MINING BRANCH 


Byler. 3, Chairman (Minerals Beneficiation) 
M. Cooley, Acting Seeretary 
A. Lee Barrett, “4, (Coal 
Carroll A. Garner, 4, (Coal) 
FE. Crabtree, “54 Minerals Beneficiation) 
lan Campbell, “54, (Industrial Minerals) 
A. Bo Cummins, (Industrial Minerals) 
D. Gardner, 53 Mining, Geology, and Geophysics) 
LeRoy Scharon, “54. (Mining, Geology, and Geophysics) 
R. T. Gallagher, (Mineral Industry Education) 
John H. Ffolliott, (Mineral Economics) 


METALS BRANCH 


Brick, Chairman, (Institute of Metals) 
Ernest Kirkendall, Secretary 
C. MeCuteheon, (Iron and Steel) 
T I Joseph. ‘Iron and Steel) 
W. A. Dean, (Institute of Metals) 
Oliver Ralston, (Extractive Metallurgy) 
T. D. Jones, (Extractive Metallurgy) 
Roland D. Parks, (Mineral Feonomics) 
D. S. Eppelkheimer, | Mineral Industry Education) 


R. M 


K 


JOURNAL OF METALS 
EDITORIAL ADVISORY COMMITTEE 


H K. Work, Chairman 


L. F. Reinart: JS. Smart, Jr 
W A. Dean J. C. Kinnear, Jr 
R. D. Bradford Evan Just 


PETROLEUM BRANCH 


lurnball, Chairman John S. Bell 
trench, Past Chairman DV. Carter 
Morrie: Muskat, Vice-Chairman R. C. Earlougher 


John Ro MeMillan, Vice-Chairman 
William E. Stiles, Treasurer Tr. C. Frick 
Joe B. Alford, Executive Secretary FE. N. Van Duzee 
R. Dodson, (Mineral Industry L. Yates 
Falucation) L. ©. Raymond (Mineral Economics? 
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Ferrous and Nenferrous 
[ransactions, 


By-liws 


Established as a Division 


RK. M. Brick, 


Phy «i il 


Morris Cohen, Senior 


Kirkendall, 


EXECUTIVE 
B. Austin, “54 
W. M. Baldwin, Jr. 53 
P. A. Beck, °53 
P. Halliwell, "55 
Hibbard, Jr. 54 
W. E. Mahin, °55 
T. "55 
H. Samans, ‘54 
A. Squire, 


NOMINATING (I. 
R. M. Brick, Chairman 
Dix, Jr F. Schumacher 


M. Censamer FL Swartz 


FINANCE Yr.) 

J. D. Hanawalt, Chairman 
K. H. Donaldson N. B. Pilling 
Floe A. J. Smith 


ANNUAL LECTURE 
W. Cc. Ellis, Chairman 
M. Cohen T. Leonti« 
J. H. Hollomon A. Moore 


MATHEWSON GOLD MEDAL 
M. B. Bever, Chairman 
A. H Geisler J. R. Low, Jr 
B. W. Gonser A. Treiane 


EDUCATION 


R. M. Brick, Chairman 
W. He-- Robert Mears 


PUBLICATIONS 
Oct. 15, 1951 to Oct. 15, 1952) 
M. Gensamer, Chairman 
W. M. Baldwin. Jr Max Hansen 
P. A. Beck H. Hanener 


Vol 


INSTITUTE OF METALS DIVISION 


Metallurgy 


156, 1008 


April 26, 1918 


Secretary Treasurer 


COMMITTEES 


(hairman 
Past-Chairman 
Vice-Chairman 
cet harman 


M. tohen 
L. Ss. Darken 
Pol Duwes 
L. Fink 
A. H. Geisler 
r. A 


R 


Harris, Chairman, 


Rea 


R 


Hibbard 


M 


JR 
R 


MEMBERSHIP 


(Terms expire February 
indicated 


at 


Hod 


ee 


Low, Jr 


K 


Me. 
Me 


Finch, Vice-Chairman 
Nielsen, Vice-Chairman, 


Averbach, “54 
B. Brooks, “53 


Carapella, “4 

L. Fullman, “54 
W. Gonser, 53 

J. Herzig, 53 

Hone 
Hultgren, 


M 


Ju 


53 


S$. F. Us 


K. Jetter, "5 
J. M. Kiefer, “5 
R Maddin, 9 
Morral, °5 


R 


I 


Oberle, 


3 
93 


R. A. Ouadt, 
Shepard, 
J. K. Stanley, °54 
A. M. Talbot, °53 
W. Thelin, 54 


ban 


93 


DATA SHEET (I yr.) 


Brick 
N Rhine« 


Sevbolt 


R 


J 


J 


E. M. Wise 
PROGRAMS 


Terms expire February of year 


indicated) 


S. Bask, Chairman, 


Phila 


A. 1. Blank, Chairman 


hl 


N. Skinner 
S. Smart, Jr 
D. W. Smith 


“54 
Seaff, Vice-Chairman Spec. 3 
D. Chapman, Vice-Chairman Tech 
Sevbolt, Viee-Chairman 
Supvr. Arret 
Dunkerley, Vice-Chairman 


“4 
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Pol Duwes, Vice-Chairman POWDER METALLURGY 
5 J. &. Redmond, Chairman, 34 
J. J. Cordiane, Past-Chairman, “53 

HH. Alexander, 53 V. Palsifer, °S J. F. Kaemick, Vice-Chairman, ‘53 
BL. Averbach, BR. A. Quads, “55 H. H. Hausner, VieeChairman and 
J. Blickwede, “55 T. A. Read, Secy. “4 
H. J. 5. Smart, R. S. Bask, "54 Steinitz, 53 
DS. bppel-heimer D. Turnbull, Pol Duwes, “54 FE. F. Sway, 54 
Halliwell, H. L. Walker, «. G. Johnson, “53 Cc. J. Bier, 
M. F. Hawkes, 54 R. Ward, ‘5 G. A. Roberts 54 C. G. Geoetzel, “55 
H. Hunsicker, “55 H. Wilson, °S5 J. F. Sachse, 53 Harold Hirsch, 
A. Jones, DD. Woodward, A. J. Shaler, 53 J. F. Libsch, 
F. M. Linsmaver 4 O. Zmeskal, P. V. Schneider, 55 


Lose Angeles 


PETROLEUM DIVISION 


Fetablished as a Division March 24, 1922 


Paul Turnball, Chairman 
John KR. MeMillan, Vice-Chairman 
Morris Muskat, Vice-Chairman 
William F. Stiles, Treasurer 

Joe B. Alford, Executive Secretary 
Trimity Universal Building 
Dallas, Texas 


COMMITTEES PRODUCTION REVIEW 
FE. W. Berlin, Chairman 
EXECUTIVE R. B. Gilmore, Domestic 


bor Executive Committee see Alexander H. Chapman, Foreign 


Branch Council Page No. 10 
TECHNOLOGY 
Dougles Ragland, Chairman 
EDITORIAL BOARD Jack H. ciceanetiinis Drilling 
Poul R. Turnbull FE. P. Hayes, Production 


Richard W. French W. H. Justice, Natural Cas 
Thomas C. Frick Milton Joy, California 


MEMBERSHIP 
ADVERTISING Jack M. Moore, Chairman 


Brace Barkis, Chairman 


P. H. Jamison STUDENT ACTIVITIES 


Gail F. Moulton W. S. Morris, Chairman 


ECONOMICS PUBLIC RELATIONS 
Kenneth E. Hill, Chairmes John Chairman 
R. A. Morse, Vice-Chairman 
Joe H. Field G. C. MacDonald 
John A. Murphy Mac D. Oliver 
EDUCATION FE. K. Schlantz Marshall B. Standing 
Jehn ©. Calhoun, Jr. ( hairman Hi. J. Welge 
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NOMINATIONS COMMITTEE CHAIRMEN 
R. W. French, Chairman Paul Andrews, Student Activity 
J. Calhoun, Jr H. Beardmore Milton E. Loy, Program 
H. S. Kelly M. B. Standing \. B. Dooley, Field Trip 
F. Beauchamp, Publicity 
M. Bernt, Membership 
L. W. Chasteen, Prod. Statistics 
J. A. Koltz, Journal Secretary 


ILLINOIS BASIN CHAPTER 
. A. H. Bell, Dinner Dance 
L. W. Swanbeck, Chairman 
J. R. Vaughn, Vice-Chairman (Program) Donald B. O'Neill, Jr. Group 
D. M. Moon, Vice-Chairman W. E. Woodruff, Luncheon Mecting 
(Membership) 
R. L. Shick, Seeretary-Treasurer PETROLEUM TECHNOLOGY COMMITTEE 


EXECUTIVE COMMITTEE S. T. Yuster, Chairman 
Beb Diggs Brown W_ T. Cardwell, Past Chairman-Advisor 
A. Hamman R. W. Love B. Thomas, Jr R.S. Crog 


1952 LOS ANGELES FALL MEETING 


Joseph Jensen, Genera! Chairman 


DIRECTORS 
L. A. Mylius W. c. Riggs 
Ww. T Roach 


WYOMING PETROLEUM CHAPTER 


PACIFIC PETROLEUM CHAPTER 
Sidney B. Richards, Chairman 
Wayne FE. Glenn, Chairman R. D. Stottl Vice-Chai 
J. Shannon Baker, Secretary-Treasurer 
rogram 
COUNCIL F. R. Wheeler 


W. E. Glenn 
J. Shannon Baker 
: R. Dedson 
Basil P. Kantzer, Jr SAN JOAQUIN VALLEY CHAPTER 
: M. E. Loy Max C. Eastman, Chairman 


R. P. Mangold, Program Chairman 
Campbell, Secretary 
A. Davis, Treasurer 
A Membership Chairman 


Cc. T. MeClure 
R. L. Parsons 
N. Van Wingen, Sr. 
F. L. Wadsworth 


IRON AND STEEL DIVISION 


Established as a Division 
February 22, 1928 


K. ©. McCatcheon, Chairman 
l. L. Joseph, Past Chairman 
J. B. Austin, Vice-Chairman 
K. Miller, Vice-Chairman 
T. J. MeLoughlin, Vice-Chairman 
Ernest Kirkendall, Secretary-Treasurer 


COMMITTEES 
EXECUTIVE 

4. Bowers J. S. Marsh 

W. Campbell L. McBride °53 

alter Carroll "55 G. B. McMeans "53 

L.. Fetters °53 F. L. Toy °S4 

H. M. Griffith °55 
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be arpe J. F. Pollack 
ta W. J. 
worth J. M. Stewart 
M. Tenenbsoum 
\. W. Ther 
PROGRAM 3. Golden Wyman 
BR. Queneau, Chairman 
Regers, View Chairman NOMINATING 
Altenburger J. G. Meave L. Joseph, ( hairman 
sth Db. W. Murphs Johnson bt. Reinartz 
K. Loughrey Kurt Neustuetter K Milk 
Mie J. EF. stukel 
wv hall M. Tenenbaum 


A. B. Wilder ELECTRIC FURNACE STEEL 


HOWE MEMORIAL 
MeCutcheon, Chairman COMMITTEES 
bolev, L. Joseph, EXECUTIVE 
Graham Smith Frank, Chairman, 52 
brnest Kirkendall, Seeretary 
ROBERT W. HUNT MEDAL Blesje, 52 J. Meloughlin. 
AND PRIZE W. Briggs. M. J. Meinen, 


‘ Met atcheon worm 

- M. Goetz, “33 Clyde Wyman, 


MEMBERSHIP 
JOHNSON. JR. AWARD Jo MeLoughlin, Chairman 
H. Blosjo W. M. Farneworth 
Kurt Neustaetter, Chairman, “34 Clyde Wvwman 
Dobseha, 53) Samuel Naismith, “50 


Frost, ‘55 L. J. Tofft, CONFERENCE 
WM. Farnsworth, Chairman, "52 
FO} Lemmon, Vice-Chairman, 52 
BESSEMER STEEL Ernest Kirkendall, Secretary 
\. B. Wilder, Chairman Arnold, HL, 53 J. Marsh, 
J. Cresswell H. W. Graham H. Baldrey, “3 Mickelson, 
Dougherty R. Holstein W. Cashdollar, A. Ogan, * 
W. MeDonough L. Clark, “54 Fost. Vincent, 
Felwards Wo Mave Wm. Doyle, “4 FE. Sims, 
bisenhart J. M. Stone H. Jacoby, >. T. Stowe, 
B. Story J. Juppentatz 2 EL Zang 
‘ M. Yorum FINANCE 
R. Kulp, Chairmen 
TECHNICAL PUBLICATIONS M. Charman, Jr V. J. Nolan 
et. 15, 15, H. E. Orr 
orrest, Chairman LOCAL ARRANGEMENTS 
M. Tenenbaum Frank Weir, Chairman 
Washburn R_ Burke G. L. Robinson 
Otte Zmeskal Clanding, Jr Fo ost. Vineent 


ete wie 


MEMBERSHIP 


Johnson, Chairman 


OPEN HEARTH STEEL COMMITTEE 
Jones April, “52 -April, 53) 

J. McLoughlin Golden, Chairman “54 

Metlinlev Sommer, Past Chairman 
Mi Means Berner, Vice-Chairman 53 
Moore Kirkendall, sees-Treas, 54 


‘ 
‘ 
K 
t 
I 
Andberg 
KR Baker 
H 
Brady 
KP. ¢amphell i 
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E. D. Buchanan “55 ©. F. Henzelman 93 BLAST FURNACE, COKE OVEN 


Tr. A. Cleary “50 D. R. Loughrey 6 COMMITTEE 
A. F. Franz 53 D. R. Mathews “53 
H. M. Griffith 33 G. B. McMeans 56 Samuel Naismith, Chairman 
H. G. Grim °55 A. W. Thernten °S6 Kurst Neustaetter, Vice-Chairman 
H. J. Walker “55 C. €. Russell, Vice-Chairman 
R. E. Powers, Secretary 
COMMITTEES Ernest Kirkendall, Treasurer 


EXECUTIVE BOARD 


Moore Jones V. Devaney ‘ G. Hogberg 
R. M. Baker }. R. Brady FE. J. Daffy E. H. Rose 
J. F. Pollack W. Carpenter J. Gardner L. Tofft 
E. E. MeGinley G. Bo MeMeans 


COMMITTEES 
PHYSICAL CHEMISTRY OF STEELMAKING 


PROGRAM 
R. Taylor, Chairman W_ Marshall, Chairman 
L. Ss. Darken, Secretary J. E. Eberhardt R. P. Liggett 
M. Tenenbaum, Past Chairman F. M. Hamilton J. D. Saussaman 
D. FE. Babeock D. J. Girardi Jackman C. M. Squarey 
R. E. Birch N. J. Grant 
F. H. Boulger Hilty 
R. Buehl J. M. Kirkpatrick RS 
Dennis Carney Shadburn Marshall Day V. J. Nolan 
Gerhard Derge D. L. McBride Macey H. A. White 
L. G. Ekholm FE. F. Osborne J. S. Wilbur 
J. F. Ellion R. Schuhmann 
Ralph Farley C. W. Sherman MEMBERSHIP 


S. Feigenbaum T. B. Winkler FE. J. Andberg, Chairman 


COAL DIVISION 


Established as a Division 
September 20, 1929 


A. Lee Barrett, Chairman 
Ralph E. Kirk, Chairman-elect 
David R. Mitchell, Seeretary-Treasurer 
Professor of Mining 
The Pennsylvania State College 
State College, Pa. 


COMMITTEES 


EXECUTIVE 


Until February 1955 


The Executive Committee consists of the Frank W. Earnest, Jr. 
Officers, Chairmen of Committees, and Garold R. Spindler 
nine elected members as follows 


Until February 1953 Until February 1954 


Henry A. Dierks S. M. Cassidy MINING 
Claude P. Heiner Nelson L. Davis sda 
Richard H. Swallow J. T. Ryan, Jr J. W. Woomer, Chairman 


en 
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JBCOMMITTEES 


MINING METHODS 
Buch, Chairman 
Ferl W. Lamb 
Horry W. Monts 
Walter B. Petzold 
FE. T. Powell 


BITUMINOUS MINING METHODS 

Db. MeFlrov, Chairman 

Asman James Gray 

Brettenstein Wm. J. Jenkins 
assid R. G. Les 

J. F. Core Dunn Reilly 

D. H. Deowlin Ceorge M. Rigg 

Erwin Gammeter tdward Thomas 

Amzi G. Goesard A. Treadwell 


ANTHRACITE OPEN-PIT MINING 
METHODS 
Willie Sechlaseman, Chairman 
Charles T. Butler William P. Geise 
Francis Chesney A. F. Hatcheson 
F. Edgar Kudlich 


BITUMINOUS OPEN.-PIT MINING 
METHODS 
7 Cheasley, Chairman 
William L. Burt Walter B. Roe 
Alfred F. Flowers Richard H. Swallow 


SAFETY AND VENTILATION 
©. M. Denahue, Chairman 
Gillison Raymond Mancha 
Fronk J. Peternell 
Stephen Krickowis Carl A. Peterson 
Mi Flroy Clovd M. Smith 


MAINTENANCE 
Victor Hansen, Chairman 
Bitner DD. Rabert 
eth FL Caine Woods GC. Talman 
M. (alder F. R. Zachar 
Ralph Hunter 


ANTHRACITE 
John W 

Andrew Allan, Je 
George J. Clark 
David Crawford 


John M Humphrey, Jr 


A.W 
A. J 
Samuel M 


¢ 


George I 
Donald ©. Jones 


George 


A. 


Ken: 


PREPARATION 
Rawmeor d 


SUBCOMMITTEES 


DEWATERING AND DRYING METHODS 
Wm. T. Terrall, Chairman 

H. Wm. Ahrenhols, Jr. George W Jones 

James Blair James J. Merle 

F. P. Calhoun \. FP. Parry 

D. A. Dahl«trom FM. Stephens, Jr. 

Laning Dress Russell H. Wilmot 


FINE COAL CLEANING 
John Griffen, Chairman 
William M. Bertholf B. W. Gandrad 


Zimmerman, Chairman 


Donald N. Griffin 
H. R. Hagen 
James Hannigan 


George H. Kennedy 


COARSE COAL CLEANING 
Jacques M. Venfeld, Chairman 
H. B. Charmbury J. D. Martin 
Nelson L. Davis W. L. MeMorris, Jr 
A. W. Gaber H. R. Randall 
T. W. Guy Howard R. Stelariede 
R. E. Joslin CG. B. Walker 


UTILIZATION 


Barkley, Chairman 


George H 
HB 
L 


Gerard 


Chapman 
(harmbury 
Dennen 
Gambe 


SUBCOMMITTEES 


COMBUSTION 
Charles H. Sawyer, Chairman 
Eugene D. Benton Howard A. Herder 
Carroll F. Hardy Raymond C. Johnson 
Wilbur C. Helt Theodore S. Spicer 


Robert L. Sutherland 


CARBONIZATION 
Carl BE. Lesher, Chairman 
Robert W. Campbell Frank H. Reed 
Joseph D. Davis Charles C. Russell 
J. Gardner 


GASIFICATION 

Wright, Chairman 
Cheasley John Mitchell 
Creelman L. D. Schmidt 


HYDROGENATION 
J. D. Doherty, Chairman 
FE. V. Murphree A. R. Powell 
Joseph Pursglove, Jr. 


NON.-FUEL USES 
Johnson, Chairman 
E. R. Kaiser 
Reed 
AIR POLLUTION 
H. F. Hebley, Chairman 
Doherty L. ©. MeCabe 
Finn H. P. Munger 
\. Schmidt 


PROGRAM 
Ralph B. Textor, Chairman 
John F. Barkley . W. Woomer 
M.D. Cooper Raymond E. Zimmerman 


PUBLICATIONS 
H. P. Greenwald, Chairman 
D. H. Davis . J. Rose 
Carroll F. Hardy G. A. Shoemaker 
Raymond ©. Johnson J. A. Younkins, Jr. 


¢ 
Thomas ‘ 


George D 


R. 


Charmbury 


H. B. 
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MEMBERSHIP 
Garald R. Spindler, Chairman 
Arthur Bradbury Harry G. Kennedy 


M. D. Cooper H. Mauck 
Nelson L. Davis D. R. Schooler 
J. H. Falferd James W. Stewart 
John T. Griffiths W. L. Wearly 


Harold B. Wickey 
li. F. Yancey 


Charles T. Holland 
Albert M. Keenan 


STUDENT INTEREST AND 
WELFARE 
M. D. Cooper, Chairman 
L. Cothern I MeElrov 
Cadwallader Evans, Jr bE. R. Price 
R. T. Gallagher R. Spindler 
Charles T. Holland J. W. Stewart 
Richard Maize H. L. Walker 


NOMINATING 
Carroll F. Hardy, Chairman 
Carroli A. Garner D. R. Mitchell 


PERCY NICHOLLS AWARD 
A. W. Thorson, Chairman, ‘52 
Thomas Cheasley, ‘54 

B. Merrow, 53 
Thomas A. Marsh, 56 
E. R. Price, “55 


COAL ECONOMICS 


R. M. Fleming, Chairman 


R. L. Anderson K. L. Marshall 
R. P. Bremmer J. W. Morgan 
H. V. Brown RK. G. Pfahler 
John Buch ( A. Peterson 
Gerald C. Cambs John P. Weir 


G. B. Gould Hi. B. Wickey 


JOINT MEETING 
Elmer R. Kaiser, “52 (AIMEE), Chairman 
t Keller, (AIME) 
W. Eb. Reaser. “55 (ASME) 
4. W. Thorson, 53 (ASME) 


MINERAL INDUSTRY EDUCATION DIVISION 


Established as a Division January 15, 1932 


Harry H. Power, Chairman 
R. Van Pelt, Vice-Chairman 
J. Donald Forrester, Secretary-Treasurer 


EXECUTIVE 
Until February 1953) Until February 1954 
J. Donald Forrester Robert M. Brick 
John P. Spielman George B. Clark 
J. W. Stewart Edward H. Wisser 
Unitl February 1955 
J. Christensen 
Cc. S. Crouse 
M. Thomas 
Allison Butts, Past Chairman 


COLLEGE ENROLLMENT 
STATISTICS 
W. B. Plank, Chairman 


EMPLOYMENT CONDITIONS FOR 
MINERAL ENGINEERS 
Carl J. Christensen, Chairman 
Kenneth H. Donaldson 
J. George Grunenfelder 
William E. Milligan 
H. Vance White 


Missouri School of Mines and Metallurgy, Rolla, Mo 


COMMITTEES 


GEOLOGY COURSES 

J. W. Vanderwilt, Chairman 
Robert Wesley Brown Edward Sampson 
H. Richard Gault Justin Zinn 


GEOPHYSICS COURSES 

H. W. Straley, IL, Chairman 
Everett F. Stratton F. W. Van Tuyl 
R. Maurice Tripp George P. Woollard 


GRADUATE STUDY 
Harold L. Walker, Chairman 
George J. Barker N. H. Manderfield 
Philip B. Bucky Albert B. Stevens 


INDUSTRIAL MINERALS AND 
CERAMICS COURSES 
C. Crouse, Chairman 
4. F. Greaves-Walker Allan M. Short 
D. W. McGlashan 
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LATIN-AMERICAN EDUCATION 
RELATIONS 


Edward “eidle, Chairman 


J ¢ Fox schroller 
M. Thomas Wall Wright 
MEMBERSHIP 
Fugene M. Thomas, Chairman 
The Faculty Sponsors of Student 
(Chapters 
METALLURGY COURSES 
A. Peretti, Chairman 
Peter F. Avle Alvin J. Thompson 
John VP. Nielson terald Van Duzee 


MINERAL DRESSING COURSES 
Cutler Shepard, (Chairman 

S RK. B. Cooke H Gordon Poole 

Fdward Martinez Zimmerman 


MINERAL ECONOMICS 
EDUCATION 


Roland Parks, Chairman 
A. Ieving Levorsen Paul M. Tyler 
A. K. Snelerove T. Yuster 


MINING COURSES 


W. Stewart, Chairman 
(-eorge T. Bator George B. Clark 
stefan Boshkov M. D. Cooper 


PETROLEUM ENGINEERING 
COURSES 

Calhoun, Chairman 

Jack 1. Laudermilk 
Charles F. Weinaug 


John ¢ 
W. Cloud 
Charles Dodson 


NOMINATIONS 
Allison Butts, Chairman 
Curtis L. Wilson A. PF. Greaves-Walker 
J. R. Cadworth E. A. Holbrook 


PROGRAMS AND MEETINGS 


Carl J. Christensen, Chairman 


sum T. Yuster Vernon Scheid 
bk. M. Thomas 
PUBLICATIONS 
John P. Nielsen, Chairman 
J. Denald Forrester W. B. Plank 
H.R. Gault W. J. Rundle 


INDUSTRIAL MINERALS DIVISION 


(Nonmetallics) 


Betablished as 


a Division March 15, 


1935 


lan Campbell, Chairman 


Robert 
Allen Cole, 
David P. Hale, Jr. 


Waterman, 


Stephenson, Eastern Vice-Chairman 
Southeastern Vice-Chairman 
Rocky Mountain Vice-Chairman 
Western 


(coudge, Canadian Vice-Chairman 


Vice-Chairman 


James Norton, Secretary-Treasarer 
Mineral Deposit. Branch 
Geological Survey 

Washington 25. D. ¢ 


COMMITTEES 


EXECUTIVE 


February 1953) February 1954 
bows James A. Barr, 
Jahn Richards Gwinn 
bebruary 19 
HM Bannerman 
Helland 
GS. Josephson 


PAPERS AND PROGRAM 


(Leorge Dub, Chairman 
Sandford S. Cole, Vice-Chairman 


J. E. Allen Will Mitchell, Jr 
FL Detss lL. \. Nerman 
Havard J. A. Pask 
R. H. Jahns R. Stephenson 
M. L. Leonardi Vervaecke 


M. J. Messel R. H. Wightman 
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AUXILIARY PUBLICATIONS 
Bruce ©. Netschert, (Chairman 
H. M. Bannerman H. 1. Smith 
J. A. Barr, W. Smith 


NOMINATING 
\. B. Cummins, Chairman 
R. M. H. A. Meverhoff 
J. L. Gillkkon Kk. W. Smith 


MEMBERSHIP 
A. O. Bartell, Chairman 
James A. Barr, Sr, Vice-Chairman 


W. Aithenhead Vernon Scheid 
J. H. Jensen J. P. Smith 
Ralph Watson 
1952 FALL MEETING 
R. ©. Stephen-on, Chairman 
J. A. Barr, Je C. F. Deiss 
F. Clausen D. Dub 
F. Cole J. Havard 


M. M. Leighton 


MINERAL AGGREGATES 
Thomas D. Murphy, Chairman 
Robert S. Barnevback, Vice-Chairman 
R. E. Brooke P. G. Forman 
E. W. Bauman R. Mielenz 


Severinghaus 


MILLING METHODS 
Will Mitchell, Chairman 
Walter E. Duncan, Vice-Chairman 


R. B. Adair S. H. Ingram 
W. T. Bishop V. L. Mattson 
R B Booth R. G. \ ery aeke 


MINERAL ECONOMICS 
L. A. Norman, Jr. Chairman 
W. F. Dietrich, Vice-Chairman 


©. P. Dunbar D. Murphy 
Ss. H. Ingram L. Richards 
MINING GEOLOGY 

John EF. Allen. Chairman 

Kesler, Vice-Chairman 
T. Kuhn MeClellan 
J). E. Lamar W. F. Pond 
J. T. Lonsdak K. Rose 
R. Mason L. A. Wright 


MINING METHODS 
Randall H. Wightman, Chairman 
H. W. Ahrenholz, Vice-Chairman 
L. Bristol R. Knill 
R. T. Gallagher «. B. Mould 
G. F. Jenkins Bernard York 


CEMENT, LIME & GYPSUM 
John F. Havard, Chairman 


Orville Jack, Vice-Chairman 


Clausen H. L. Waldthau-en 
A. L. Edward. Irving Warner 
Bror Nordberg ©. €. Van Zandt 


CERAMIC MATERIALS 
Joseph A. Pask, Chairman 
Lane Mitchell, Vice-Chairman 


(.. J. Biddle J. ©. sallivan 

Harris Louix Moyd 

J. Hieks Mrs. Louis Moyd 
A. Wright 


CHEMICAL RAW MATERIALS 
M. L.. Leonardi, Chairman 
M. Wicken, Viv he hairman 


J. F. Bell H. Mosley 
G. D. Dub J.P. Perry 
J. D. Gordon, Jr Shay 
M. Grogan Weber 


DIMENSION STONE & SLATE 
Charles F. Deiss, Chairman 
J. B. Lord, Vice-Chairman 
Bowles G. W. Josephson 
R A. Pletcher W. F. Mallen 
M. Schwartz 


FILLERS, FIBERS & PIGMENTS 
Michael J. Messel, Chairmar 
Delmar Larsen, Vice-Chairman 


Borror K. Lavlander 
Bowles W. BL Millar 
B. Ladoo Schuknecht 


RARE MINERALS 
Richard H. Jahns, Chairman 
Gorden H. Chambers, Vice-Chairman 
B. Hanley A. Montgomery 
Hunter Stephen Shelton 
Spence 


BYLAWS AND ORGANIZATION 
Richard J. Lund, Chairman 

J. Beall R. M. Foose 

Oliver Bowles J. L. Gillson 

lan Campbell H. I. smith 
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Established as a Division February 


Donald W 


Crabtree, 


Scott, 


16, 1948 


Chairman 


Jr, 


Associate ( hairman 


S. D. Michaelson, Regional Vice-Chairman 


Will Mitchell, 
William B 


Jr. 


Regional 
Mephenson, Secretary-Treasurer 


Vice-Chairman 


Allen Sherman-Hoff Pump Co 
259 Lancaster Avenue 
W vnnewood, Pa 


Raymond EF 


Byler, Past Chairman 


COMMITTEES 


NOMINATING 


H. Rose, Chairman 
Byler Grover J 


Holt 
Moyers 


UCATION 
H. Rush Spedde Chairman 
BK. Cooke Frank R. Milliken 
bred DeVaney \. W. Schlechten 
t M. Lew Williom T. Torrall 
Woody 


a. V 


MEMBERSHIP 


Bonardi, Chairman 

K. B. Cooke, hairman 
A} sleoner, Vice-Chairman 
Hi. Manderfield, Vice hairman 
Vedenshy, Vice 
niel Arbiter \. W. Pahrenwald 
Harold T. Herivel 
James Jacobs 
Vernon L. Mattson 
David R. Mitchell 
David W. Mitchell 
Thomas Mo Morri« 
Tangel 


“Muart 


hairman 


Carpenter 
A. took 
sham 
Daniels 
M. Darby 
hen b. Erickson 
Qheear F 


PAPERS AND PUBLICATIONS 
Hassiali« 


(Chairman 
Ss. D. Michaelson 
Tr. M. Morri« 


Rush Spedden 


MeOuitton H 


Frank W 


PROGRAM 
Donald W 
Nathaniel Arbiter 
Wayne Dowdey 
James EB. Lawver 
Frank Milliken 


Scott, Chairman 
Neil Plummer 
Robert Powers 
Francis Tartaron 
Norman Weiss 


SYMPOSIUM 
taron, Chairman 

. ViewChairman 
Erickson 


Francis Ta 
bred DeVane 
mm Ban Ss. E 


ONCENTRATION 
Nocman Weiss, Chairman 
H. en, Vice-Chairman 
\. Brouglt J. R. Clarkson 
W. R. Van Slyke 


CRUSHING AND GRINDING 

Neil Plawmer 

David P. Hale, Jr. 

E. Briber, Ji 
Hf. K. Martin 


MATERIALS HANDLING 
Frank Milliken, Chairman 
Walter Snavely, Vice-Chairman 
R. M. P. Hamilton Neil Plummer 
Ralph B. Un 


OPERATING CONTROL 
James EF. Lawver, Chairman 
Gieseke, Vice-Chairman 
Robert Berg Felix J. Losson, Jr 
Arthur P. Wichmann 


PYROLYSIS & AGGLOMERATION 
Robert FE. Powers, Chairman 
J. L. Lake, Viee-Chairman 
Hilleke K. ©. MeCutcheon 
A. A. Nilsen 


SOLIDS-FLUIDS SEPARATION 
Wayne L. Dowdey, Chairman 
Frank Weems, Vice-Chairman 

Orville Lyons . Sherrerd, jr 
Ray Thompson 


SOLUTION AND PRECIPITATION 
Nathaniel Arbiter, Chairman 
Fred Frick, Vice-Chairman 
Sam Korman B. H. MeLeed 
Osear 


Chairman 
Vice-Chairman 


Keener 


Tangel 
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EXTRACTIVE METALLURGY DIVISION 


Established as a Division November 17, 1948 


T. D. Jones, Chairman 
0. ©. Ralston, Past Chairman 
R. R. MeNaughton, Chairman-elect 
B. W. Gonser °53, Vice-Chairman 
P. T. Stroup Vice-Chairman 
Ernest Kirkendall, Secretory 
29 West 39th Street, New York City 


COMMITTEES 


EXECUTIVE 
1953 

B. ¢ ap! 

{ Loeonam 
1954 

R. D. Bradford 

L. P. Davidsor 


J Kinnear, Jr 
J. D. sallivan 


MEMBERSHIP 


RK. D. Bradford, Chairman 

H I Johnson, Secretary 
A. Barnard R. MeNaughton 
. TL. Banee M. M. Neale 
Fedder-en A. W. Schlechten 
Harms F. P. Sinn 
(. Kinnear, Jr J. D. Sullivan 
R Kuzel! R 4 Young 


Long S. R. Zimmerley 


NOMINATING 


€. Long, Chairman 


B. Caples W. Schlechten 
. R. MeNaughton J. D. Sallivan 


PAPERS AND PROGRAM 


P. T. Stroup, Chairman 
L. P. Davidson J. C. Kinnear, Jr 
P. R. Drummond J. G. Leckie 
B. W. Gonser H. W. St. Clair 
H. H. Kellogg H. A. Tobelmann 
F. E. Wormser 


TECHNICAL PUBLICATIONS 
J. Glasser, Chairman 
. R. MeNanghton S. F. Ravitz 
J. D. Sullivan 


ALUMINUM AND MAGNESIUM 
H. W. St. Clair, Chairman 
Beetem Cc. P. Love 

L. M. Pidgeon 
R. S. Sherwin 


T. Stroup 


REDUCTION AND REFINING OF 
COPPER AND NICKEL 
Leckie, Chairman 

R. Marble 

R. H. Miller 

D. L. Ogden 

R. Parker 

Rouillard 

H. A. Shaw 

E. R. Lovell J. H. Schloes 


ECONOMICS AND STATISTICS 
Felix Wormser, Chairman 
MacKenzie 
P. Merica 
D. A. Rhoades 
N. Sehuette 
G. M. Wiles 


ELECTROLYTIC EXTRACTIVE 
PROCESSES 
P. R. Drummond, Chairman 
T. H. Weldon, Vice-Chairman 
H. E. Bakken 
FE. S. Bardwell Ww. 
T. K. Graham Phillips 
H. R. Hanley Ss. Skowronski 
Cc. L. Mantell R. H. Waddington 
W. G. Woolf 


HYDROMETALLURGY 

H. A. Tobelmann, Chairman 
. A. Barr N. Herz 
>. H. Benedict H. C. Kenny 
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Kyler HE. Keyes . Kelley R. Schumann, Jr 
Chapman W. MeQuiston Phillips F. Stephens, Jr 
(Clemmer Kettering Pidgeon P. T. Mroup 
J.D. sullivan j Roe s. F. Urban 

elman \. L. Ter Braake 


Jean Verdussen 


Frank Forward 6. Woolf PYROMETALLURGY 


LEAD AND ZINC J. C. Kinnear, Jr. Chairman 
(hairman R. D. Bradford L. L. MeDaniel 
Viee4 hairman R. B. ¢ iples R. R. Me Naughton 
Y. E. Lebedet? ©. Feddersen S. M. Shelton 
D. 1. Honeyman E. A. Slover 


R.G. Knickerbocker MeL. Tittmann 


tt Ro Me Naughton 
I Suche 
MeL. Timmann TITANIUM AND UNCOMMON 
Woolf 
METALS 


A. Young 
B. W. Gonser, Chairman 
PHYSICAL CHEMISTRY OF W. J. Barth F. B. Litton 


EXTRACTIVE METALLURGY Ira Hearn Wm. Opie 
Kellogg, Chairman 4. R. Kaufmann MI. 
Arhiter, Viee-Chairman WJ. Kroll F.S. Wartman 


MINERAL ECONOMICS DIVISION 


bstablished as a Division December 15, 1948 


Just, Chairman 
Richard J. Land, Past Chairman 
Granville S. Borden, Vice-Chairman 
J. K. Richardson, Vice-Chairman 
H. Williston, Viee-Chairman 
Allan Matthews, Secretary-Treasurer 
National Security Resources Board 
Ith and Pennsvivania Ave, VW 
Washington 25, D. ¢ 


EXECUTIVE COMMITTEE COMMITTEE CHAIRMEN 
Until Feb. 1953 Until Feb. 1954 James K. Richardson, Papers and 
R. J. Beadle Russell H. Bennett 
“imon “traus. = 

1 nail Feb. 19 Richard J. Land, Nominating 
(cilbert H. Cady Herbert A. Franke, Auxiliary 
Reland D. Parks Publications 


Se 22 
r. ¢ 
4 JB 
4 
P 
KR. B. Capt 
Po. beddersen 
KL. Hallew 
Hanles 
HLS 
¢ 


AIME 1952 DIRECTORY SUPPLEMENT 


MINING, GEOLOGY, AND GEOPHYSICS DIVISION 


Established as a Division September 27, 


1949 


LeRoy Scharon, Chairman 


Cc. M. 
29 West 


EXECUTIVE COMMITTEE 
E. D. Gardner, Chairman 
John S. Brown Theodore Koulomzine 
H. Clarke W. Lawson 
J. D. Forrester Le Roy Scharon 


NOMINATING COMMITTEE 

E. D. Gardner, Chairman 

D. M. Davidson Sherwin I 
H. Hoover, Jr j. M 


P. Shenen 


Kelly 
Riddell 


MINING SUBDIVISION 


Cooley, 


E. DD. Gardner, Chairman 
Tell Ertl, Seeretary 


COMMITTEES 
EXECUTVE 


Gardner, Chairman 
\ larke 
Tell Ertl 


Lawson 


ALLUVIAL MINING 
Charles Romanowits, Chairman 
Norman Cleaveland W. HS. Mekarland 
Arthur F. Daily Charles Merrill 
Vance R. Fenton Ernest Patty 
Franklin Jay P. Wood 


OPEN CUT MINING 
J. Murray Riddell, Chairman 
M. Belliveau A. Friedman 
R. Coil W. H. Geodrich 
P. Courtright FE. MeManus 
Dickey L. Pett 
J Fearing J Severson 
S. Young 


BLOCK CAVING 
R. H. Wightman, Chairman 
John F. Buchanan S. MeNicholas 
Martin K. Hannifan Gerald Sherman 
Robert W. Haghes H. Carroll Weed 
K. V. Lindell 


Secretary 


th Street 
New York 18, 


LONG-HOLE DRILLING AND SUB- 
LEVEL CAVING 
Lamar Weaver, Chairman 


Albert: Mendelsohn 


TOP SLICING 
E. P. Pfleider, Chairman 
Allen Lucien Eaton 
Anderson J. J. Foucault 
Braund M. Norris 


A. T 
R. W. 


ROOM AND PILLAR OR STOPE 
AND PILLAR 
Ss. S. Clarke, Chairman 
S. Arentz, Jr. ‘ 
kK 
I M. J 


J. Linney 


SHRINKAGE AND SQUARE-SET 
STOPING 
J. Haffner, Chairman 
A. G. Bigles H. Johnson 
P. Billings J. C. Kieffer 
J. P. Caultield 
P. Crawford 


0. Dale 
Lambly 
Langley 


J. 


Kow 
Alfred Snedden 
T. M. Waterland 


CUT AND FILL MINING 
Herman J. Mutz, Chairman 
John Edgar J. D. MeAuliffe 
W. A. Knoll N. A. O'Donnell 
H. E. Krumlaaf S. E. Quayle 
W. N. Matheson, Jr E. G. Ross 


HOISTING 
Harlan A. Walker, Chairman 
J. P. Caulfield F.C. Jaceard 
Darrell Gardner H. J. Mutz 
Hobart, Se Rus-ell Sage 


HAULAGE 
Charles A. R. Lambly, Chairman 
J. R. Giegerich S. W. McDougall 
L. M. Kinney R. T. Murrill 


Fred Stewart 
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MECHANICAL LOADING AND 
CONVEYING 
bt. Young, Chairman 
M. HL. Fies 
Miller 
DD. Satterley 
lhomp-on 


DRAINAGE 
Wiles, Chairman 
J. ©. Kinnear, Je. 
W. Romig 


Il. “tewart 


DRILLING AND BLASTING 


herdt, Chairman 
Lindell 
H Carrell Weed 


EXPLORATION DRILLING 
uw, Chairman 
‘ H. Johnson 
¢ 


ti long 


shenon 


“urges 


SUBSIDENCE AND MECHANICS 
OF ROCK STRUCTURE 
Philip Bueky, Chairman 

Leonard Obert 

Stephen Royee 


L. M. Scofield 


AUXILIARY PUBLICATIONS 
Ress DD Leiek, 3 


RK. 


kK. W 


Harley 
Hooper 
Hughes 


PAPERS AND PROGRAM 
Tell Chairman 
L. T. Postle 
L. Richards 
Maynard Van Ornum 


C. Weed 


Coolbaugh 


MEMBERSHIP 
Leland A. Walker, Chairman 
John J. Carzen BR. Bradley, Jr 


GEOLOGY SUBDIVISION 


John 


Forrester, Chairman 
Melvin, Secretary 


COMMITTEES 
EXECUTIVE 


J. Denald Forrester, Chairman 
John H. Melvin, Secretary 
John S. Brow Ralph Tuck 


AUXILIARY PUBLICATIONS 


A. L. Anderson 
R. H. MeConnel 


r, Chairman 
Charles Mever 


James A. Noble 
PAPERS AND PROGRAM 


Edward L. Clark, Chairman 
Roy P. Full Harold A. Powers 
Olaf Jer kis Ver n bk. Scheid 
Vincent D \. K. Snelgrove 


MEMBERSHIP 
Roll rman 


Turneaure 


GEOPHYSICS SUBDIVISION 


Rey Scharon, Chairman 
Florence Robertson, 

Louw 
S021 Olive St, St. Louis 8, Mo 


COMMITTEES 
EXECUTIVE 


LeRoy Scharon, Chairman 
Sherwin Kelly The« Koulomzine 
Florence Roberston 


Secretary 


miversity 


adore 


PAPERS AND PROGRAM 
Theodore Koulomzine 
Basil Wilson 
E. W. Westrick 
H. V. Warren 


AUXILIARY PUBLICATIONS 
Florence Robertson, Chairman 


R. R. Heinrich LeRoy Scharon 


MEMBERSHIP 
Homer Jensen, Chairman 


George Adair Sherwin F. Kelly 


NOMINATING 
Sherwin F. Kelly, Chairman 
Paul Bird D. Wantland 
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OFFICERS AND COMMITTEES OF LOCAL SECTIONS 
COUNCIL OF SECTION DELEGATES 
Jack A. Crichton, Chairman 


Allen T. Cole, Vice-Chairman 


M. I. Signer, Secretary 
EXECUTIVE COMMITTEE 


DELEGATES 
Alaska Robert M. Chapman 
Arizona—J. B. Cunningham 
Black Hills—James O. Harder 
Boston —R. Schumann, Jr. 
Carlsbad Potash—E. W. Douglass 
Central Appalachian harles T. Holland 
Chicago—H. A. White 
Cleveland K. Bock 
Colorado—M. 1. Signer 
Columbia—-Lewis A. Grant 
Connecticut—Lewis E. Thelin 
Delta—Raymond B. Kelly, Jr. 
Detroit— Frederick P. Bens 
East Texas--W. W. Leonard 
El Paso Metals—Eugene M. Thomas 
Florida—Allen T. Cole 
Gulf Coast —H. E. Treichler, Jr. 
Kansas—4;. L. Yates 
Lehigh Valley—R. T. Gallagher 
Mid Continent —J. N. MeGirl 
Minnesota Eugene P. Pfleider 
Montana—F. W. Strandberg 
Nevada—J. C. Kinnear, Jr 
New York—Philip D. Wilson 
North Pacific—W. C. Leonard 
North Texas—Jack A. Crichton 
Ohio J alley—John H. Melvin 
Oklahoma City H. Field 
Oregon— U. Beetem 
Penn. Anthracite—Henrs Dierks 
Permian Basin—Jack M. Moore 
Philadelphia—A. A. Bradd 
Pittsburgh Linwood Thiessen 
San Francisco Walter L. Penick 
St. Louis —Clyde Smith 
Southeast FE. H. Rose 
Southern California — Basil Kantzer 
Southwest Vaughan 
Southwestern Alaska 
Southwestern New Mexico J. W. Faust 
TriState—J. C. Stipe 
Upper Peninsula—Rov W. Drier 
Utah— Whitman CG. Rouillard 
Washington. D. C_—Paul M. Tyler 


Ww. Leonard, Southwest Texas 


yoming—Henry G. Fisk 


ALASKA 
Established November 19, 1947 


Regular meetings fourth Monday of each 


month except June, July, and August 


Donald J. Cook, Chairman 


Robert M. Chapman, Vice-Chairman 
Robert FE. Shafer, Secretary-Treasurer 


Box 1170 
Fairbanks, Alaska 


Robert M. Chapman, Section Delegate 


COMMITTEES 


MEMBERSHIP 
Douglas B. Colp, Chairman 


Earl Beistline L. M. Anthony 


LIBRARY 
Bond Tabor, Chairman 


Robert Saunders Eugene Davis 


J. 


ARIZONA 
Established July 10, 1915 


Wesley P. Goss, Chairman 


Lyle M. Barker, First Vice-Chairman 


A. Richards, Second Vice-Chairman 


John F. Buchanan, Secretary-Treasurer 


Magma Copper Co 
Superior, Arizona 


J. B. Cunningham, Section Delegate 


Directors 
T. Barr Py F. Mills 
G. Chapman P. Morris 
R. Coil } B. Pallen 
R. Dickie F. V. Richard 
J. Duff H. Ruggles 
Gardner H. C. Weed 
C. Lawson J. A. Wilcox 
E. Mills Cc. F. Willis 

D. Brittain 
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Past 
‘ R. Kuzell 


Hone 


orene tion 

J Urbon Larson, Chairman 

Richard T. Moelick, Program Chairman 
Robert EO Mann, Seeretary- Treasurer 


fio Subsection 
Byrkit. Chairman 
Vice-Chairman 


Orazio 


W. Denn, 


~eeretery Tre tourer 


TECHNICAL DIVISIONS 
Mining Geology 
‘ \nderson, Chairman 
Williams, 
nderground Mining 
A. B. Robb 
Open Pu Mining 
J). RO Watts, Chairman 
Carne, Se 
Dressing 
G 
Smelting 
tou 


Seeretary 


( hairman 


retary 
tire 


Lewis, Chairman 


Day 


BLACK HILLS 
Fatablished December 15, 


( hairman 
Secretary 


1936 


John W. Mitchell, Chairman 
Mo Runke, First Viee-Chairman 
A. L. Slaughter, Second Vice-Chairma: 

Arthur J) Rice, Seeretary-Treasurer 
Box 80 
Lead, Se. Dakota 
James O. Harder, Section Delegate 
John W. Mitchell, Alternate 


COMMITTEES 


EXECUTIVE 
fhove Officers and 
Stevens Gerald A. Munson 
William ©. Campbell James O. Harder 


MEMBERSH!P 
Gerald Van Dazee, Chairman 
Frank Mo Howell A. L. Johnson 
David Mo Middleton 
STUDENT AFFAIRS 
Filmer Ro Drewdahl 
John bre 


BOSTON 

September 20 
of each 
Mav inclusive 


(Chairman 
mont Clark 


1911 
month 


batabliched 
Meets First 
October to 


Roeland D. Parks, Chairman 
Peter Kosting, Vice-Chairman 
R. schumann, Secretary-Trea-urer 
Massachusetts Institute of Technology 
Cambridge 39, Mas« 


R. schumann, Section Delegate 


EXECUTIVE COMMITTEE 
sudin K. Schumann, Jr. 
Park. Harrison Dixon 
John Wulff 


A MG 
Roeland I 


H. Rush Spedden, student Adviser 
4M. G Chairman, 
Member-hip Committee 


CARLSBAD POTASH 
Established September 19, 1946 
Meets third Thursday of each month 
except: July \ucust 


Weaver, Chairman 
W. Wilson, First) Vice-Chairman 
H. Clark, Seeond Vice-Chairman 
Clark, Seeretary-Treasurer 
Box 31, Carlsbad, New Mexico 
FE. W. Deugless Section Delegate 
W. Wilson, Alternate 


Commutee Chairmen 
S. Libbey, Entertainment 
H. P. Clark, Membership 


CENTRAL APPALACHIAN 


Fetabliched October 17, 1940 


Fred K. Prosser, Chairman 
George R. Higinbotham, Vice-Chairman 
C. H. Hodgson, Vice-Chairman 
G. R. Spindler, Vice-Chairman 
Charles T. Holland, Secretary-Treasurer 
P.O. Box 836, Blacksburg, Va 
Charles T. Helland, Section Delegate 


EXECUTIVE COMMITTEE 
Rhesa M. Allen 
James B. Benson 
R. Bourland 

L. Cothern 
George FE. Keller 
John T. Parker 


H. Zimmerman 


CHICAGO 


Established February 26, 


1914 

Holds dinner meeting fret Wedne-day 

of each month, October to May inclu-ive, 
at the Chicago Bar Association 


3 
26 
4 


AIME 1952 DIRECTORY SUPPLEMENT 


W. EF. Mahin, Chairman 
M. Squarey, Seeretary-Treasurer 
Inland Steel Co 


Fast Chicago, Indiana 
H. A. White, Section Delegate 


PAST CHAIRMEN 
H. A. Herder H. A. White 
Washburn H. W. Johneon 


Lindgren 


Rev A. 


COMMITTEE CHAIRMEN 
James Halley, Program 
Dennis Carney, Membership 
H. Samans, Service Representative 
W. P. Ruemmler, Publicity 
H. M. St. John, Student Relations 
John King, Student Relations 
Wm. Schweickhardt, Reception 


JUNIOR ENGINEER REPRESENTATION 
Fred G Jaicks 


INTER-SOCIETY REPRESENTATIVES 
Laub M. White 


INTER-SOCIETY 
A. Forrest Warner 


MEMBERS AT LARGE 
GC. Ball P. R. Nichols 
R. Berner M. E. Nickel 
J. Cochrane M. Tenenbaum 
L. Colwell R. Tietig, 
John Horn ack 7 J Tokar 


UNIVERSITY REPRESENTATIVES 
J. Barker, Wisconsin 
P. A. Beck, Notre Dame 

G. M. Enos, Purdue 
H. L. Walker, IMlinois 
Zmeskal, Hlinois Tech 


L 
A 
dD. 


CLEVELAND 
b~tabliched April 17, 1936 


Milton Tilley, 
Sernon Kalan, Vice-Chairman 
James P. Hontas, Secretary 
479 Woodridge Road 
Cleveland 21, Ohio 
William Baldwin, Jr. Treasurer 

kK. Back, Section Delegate 


EXECUTIVE COMMITTEE 
Junge 
R. Ricksecker 


Chairman 


Charles Cover 


COMMITTEE CHAIRMEN 
R. F. Hehemann, Membership 
M. Cover, Program 


J. Whittenberger, Publicity 


COLORADO 


F-tablished May 23, 1913 


J. Paul Harrivon, Chairman 
George Ro Harris, Vice-Chairman 
Ben H. Parker, Seeretary-Treasures 

Boston Building 
Denver 2. Colorado 


M. IL. “igher, Section Delegate 
DIRECTORS 
C. E. Dobbin Harvey Matthews 


Frank J. Maloit George Rupp 
J. W. Vanderwilt 


COMMITTEES 
PROGRAM 


Lee Seott, Chairman 
W. J. Coulter John Vanderw 
B. H. Parker C. L. Barker 
W. L. Miles, Jr 


VIOLA VESTAL COULTER 
FOUNDATION SCHOLARSHIP 
Ed Dickerman, Chairman 
John Vanderwilt M 


STUDENT SECTION ESSAY AWARD 

J. V. Thompson, Chairman 
Franklin Coolbaugh 
Bowen 


S gner 


B. Carpenter 
T. S. Harrison Max W 


Jud. on Hub bard 


MEMBERSHIP 
A. H. Patten 


INTER-MOUNTAIN (CLIMAX) 
SUBSECTION 


B. B. Greenlee, Chairman 
F. J. Windolph, Vice-Chairman 
A. Tvler, Seeretary 


422 East %h Street 
Leadville, Colorado 


R. E. Radabaugh, Treasurer 


SAN JUAN SUBSECTION 
J. W. George, Chairman 
R. D. Van Zante, Vice-Chairman 
H. R. Wardwell, Seeretary-Treasuses 
1560 Main Street 
Grand Janction, Colorado 


PIKES PEAK SUBSECTION 
D. A. Carter, Chairman 
P. V. H. Svendsen, Vice-Chairman 
B. H. Slothower, Secretary-Treasure: 
Golden Cycle Corp 
Cripple Creek, Colorado 
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COLUMBIA 


batablished Nove 
Hold 


month 


mber 24, 1911 
fret Friday of each 
July and August 


Meeting 
ertcept 
stuley, Chairman 

secretary: LTreasurer 
Kiernan 
Spokane, Washington 
Lewis A 


(-rant, Section Delegate 


COMMITTEE CHAIRMEN 
R. A. Watson, Program 
W. Lewry, Membership 


Northwest Industrial Minerals and 
Metals Branch Conference 
Spokane, May 1952 
R. Vervaeke, Chairman 
F. Morral, Assistant 

Metals Branch 


( hairman, 


George Waterman, Assistant Chairman, 


North Pacitic Section 


A 


Bartell, Assistant Chairman, 
Oregon Section 


WS. Peters 


Program Chairman 


COEUR D'ALENE SUBSECTION 
J) ©. Kieffer, Vice-Chairman 
N. J. Sather, Asst. Secretary 


SOUTHERN IDAHO SUBSECTION 
Dengles, VieeChairman 


H. W. Marsh, Aset 


Secretary 


CONNECTICUT 
Fatabliched September 30, 1947 


Holds meetings second Wednesday, 
October, December, February and 
April 
David H. Thempsen, Chairman 
Leon W. Thelin, Vice-Chairman 
William EF. Milligan, Secretary-Treasarer 
Yale University, New Haven, Conn. 
Lewis b. Thelin, Section Delegate 


COMMITTEE CHAIRMEN 
Delmar F. Trout, Publicity 
William Mounce, Membership 

F. H. Wilkon, Member at Large 


DELTA 


Fetablished September 18, 1940 


Holds 


month 


Raymond B 


each 
August 


Tuesday 
July and 


second 
June, 


Kelly, Jr. Chairman 
Joseph F. Homer, Vice-Chairman 
Joel A. Battle, Jr, Vice-Chairman 
Albert L. Vitter, Jr. Secretary 
800 California Co. Bldg. 
New Orleans, La 
Charles A. Capps, Treasurer 
John Jr. Journal Secretary 
Raymond B. Kelly, Jr., Section Delegate 
DIRECTORS 
Harold F. Winham FE. H. Van Duzee 
Murray Hawkins, Jr. 
James E. R. Sheeler 
Fred E. Simmons, Jr. 


COMMITTEES 


PUBLICATION 
John M. Dillon, Jr., Chairman 
Burton W. Anulick 


meetings 
except 


ACTIVITY 
Robert S. Sullins, Chairman 


B. W. Aulick 
A. F. Eggleston 
L. i 


H. C. Loebr 
James McLaurin 
. Monroe 


MEMBERSHIP 
Alfred H. Glenn, Chairman 
. Ashby F. E. Jones 
. Clift Adam Perez 
i. Crews D. A. Schmeeckle 


HOUSE 
D. Jones, Chairman 
W. G. Snoddy 
W. B. Vice, Jr. 


PROGRAM 
E. L. Paramore, Chairman 
Russell Lewis 
J. A. Rorison R. S 
Cc. J. Ward 


Shea 
Sullins 


MISSISSIPPI SUBSECTION 
T. Hardy Jackson, Jr., Chairman 
John A. Rogers, First Vice-Chairman 
J. D. Lewrie, Second Vice-Chairman 
Oliver Jones, Secretary-Treasurer 
The Pure Oil Co. 
Natcher, Miss. 


Board of Directors 
J. 0. Crowe R. F. Moore 
W. McEver J. B. Tippe 
J. K. Wright, Past Chairman 
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DETROIT 
Established February 18, 1936 


Holds meetings third Monday of each 
month except June through September 


F. P. Bens, Chairman 
H. Moser, Vice-Chairman 
E. Engle, Seeretary 
Carbeloy Co. Ine. 
Detroit, Michigan 
B. B. Beckwith, Treasurer 
F. P. Bens, Section Delegate 


EXECUTIVE COMMITTEE 


R. D. Chapman D. Frey 
E. Dofter N. Lazar 
C. Corton M. Semchyshen 
EL Moser E. Engle 


B. B. Beckwith F. P. Bens 


H. Anderson 


PROGRAM COMMITTEE 
H. Moser, Chairman 


EAST TEXAS 
Established April 18, 1940 


Holds meetings second Tuesday of each 
month except July through September 


Roland K. Thies, Chairman 
A. H. Crawford, Vice-Chairman 
Joseph A. Morris, Secretary-Treasurer 
Magnolia Petroleum Co. 
Box 312 
Kilgore, Texas 
W. W. Leonard, Section Delegate 


DIRECTORS 
Harry Pistole H. L. Long 
Rob D. Trimble J. A. Walker 
W. R. Mays P. J. Lehnhard 


COMMITTEE CHAIRMEN 
Wayne L. McCann, Program 
Gene L. Scheirman, Membership 


EL PASO METALS 
Established March 25, 1927 


Holds meetings second Wednesday of 


each month 


C. S. Harper, Jr. Chairman 
B. B. Kankle, Vice-Chairman 
Gay E. Ingersoll, Secretary-Treasurer 
Texas Western College 
912 W. Yandell Bivd. 
El Paso, Texas 


Eugene M. Thomas, Section Delegate 
Gay E. Ingersoll, Alternate 


DIRECTORS 
H 


A. A. Collins W. Poester 
W. W. Long J. C. Rintelen, Jr. 
P. H. Hale H. F. Kannady 
B. D. Roberts A. F. Horle 


COMMITTEES 


MEMBERSHIP 
Earle W. Donahue, Chairman 
Ernest A. Hase 
Leroy G. Hetrick 
Carl T. Ivey 
Robert J. Benson 
Ariel F. Horle 


MEETING ARRANGEMENTS 
Guy E. Ingersoll Louis Laurel 


PROGRAM 
February Frank J. Christensen 
March—J. C. Rintelen, Jr. 
April—-Ben D. Roberts 
May—Mallory L. Miller 
September—-A. L. Washburn 
October—Randolph S. Murray, Jr. 
November—Eugene M. Thomas 
December—Paul F. Deisler 
January— Russell R. Whittington 


RECEPTION 
Ralph L. Hennebach, Chairman, 


PUBLICITY 
H. F. Kannady, Chairman 


FLORIDA 
Established September 27, 1949 


Holds meetings the first Monday of each 


month 


Ernest W. Greene, Chairman 
Orrin Hughitt Wright, Vice-Chairman 


Walter O. McClintock, Secretary-Treasurer 


1170 De Palma Avenue 
Bartow, Flerida 
Allen T. Cole, Section Delegate 


Ernest W. Greene, Alternate 


COMMITTEE CHAIRMEN 
Ernest Greene, Steering 
John Yost, Membership 
Lawrence Frye, Program 
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GULF COAST SECTION 
Established December 13, 1935 


Holds meetings the third Tuesds of 


each month 


Ro Grav, Chauwman 


K ‘ caer birst Vix 
A.B 
Kk. M 


harman 
ond Vice hairman 
Rutledge, Secretary 1 
Lane-Wells Co 
P.O. Box 
Houston l, Texas 
Treichler, Section Delegate 


DIRECTORS 
«. F. Redman Herman A 
M. Darling IR 

A. W. Waddill 


COMMITTEES 


JOURNAL CORRESPONDENT 
«. L. Singleton 


ENGINEERS COUNCIL OF HOUSTON 
W. Holman 
J Levine 


Paul Weaver 


ACTIVITIES 
Walker, Chairman 
ro) Allen 

Ellington 

K. Jordan 

Whiting 


Mevens, 


reasurer 


Otte 
Welsh 


ARRANGEMENTS 

Cawthon 
Ss 


( hairman 
Colvin 
Hillyer 

Howard 
Koch 


MEMBERSHIP 
Trube, 
Mou 
KI 

Greenwald 
Wm. Hurst 

‘ B Hussey 

Shook 


(Chairman 
Dubrow 


bvans 


PROGRAM 
Parcell, Chairman 


right«man 


KANSAS 


Established November 17, 1948 


Holds meetings third Wednesday of cach 
month except June through August 


L. W. Holsappl 
&. J. Decker, Vice 
Arnold, hairman Kansas) 
Mevers, Vice-Chairman Kansas) 

H. L. Temple, Seeretary-Treasarer 

Continental Oil Co 
Moundridge, Kansa- 
Yates, Section Delegate 


COMMITTEES 
EXECUTIVE 


Weimaug 


tha 
( hairman 


rman 


UW 


Rey Patrick 
Lyman Terry 


Charles 


Lane 


PROGRAM 


Chairman 
R 


J. R 


Terry 


Puckett, 

L. Cerner 
MEMBERSHIP 

John T. Gary, Chairman 

bord John T. Gary 

Krehbiel Mac. W. Miller 


Dennis 


LEHIGH VALLEY 
Established March 27, 


R. Gault, Chairman 
Peets, Vice-Chairman 
J. 5. Marsh, Vice-Chairman 
da, Vice-Chairman 
D. J. Blickwede, Secretary 
Bethlehem Steel Corp. 
Bethlehem, Pa. 
A. Lerenson, Treasurer 
T. Gallagher, Section Delegate 
B. J. Larpenteur, Manager 
W. A. Griffith, Manager 
R. T. Gallagher, Manager 


COMMITTEES 


HOSPITALITY 
Most, Jr. Chairman 
J. W 


1924 


Guider 

T. G. Foulkes 

. Hochberger W. Eberly 

Jillson P. B. Entrekin 
FE. C. Dominguez 


PROGRAM 
Peets, Chairman 
B. H. Strom 
W. S. Camine- 


R. K. Waring 
J. F. Libsech 
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MEMBERSHIP 
RK. M. Johnson, Chairman 
W. A. Gritlth Lawrence Seaman 
W. R. Bechdolt Samuel Epstein 
J. P. Bingham R. W. Jenkins 
W. M. Aubrey, Jr s. E. Anthony 
Cc. B. Post 


NOMINATING 
B. J. Larpenteur, Chairman 


R. T. Gallagher J. L. Rodda 


STUDENT RELATIONS 
FE. A. Anderson, Chairman 
Allicon Butts E. Taylor, Jr. 
M. s. Childs P. L. Steflensen 


MID-CONTINENT 


Established December 28, 1917 


Holds weekly luncheon meetings each 
Thursday in Tulsa, Oklahoma. Regular 
Section meetings held second Monday 
each month except June through August 


Jack Beesley, Chairman 
©. MaeDonald, First Vice-Chairman 
M. B. Penn, Second Vice-Chairman 
Bird, Secretary-Treasurer 
Amerada Petroleum Corporation 
Tulka, Oklahoma 


J}. N. MeGirl, Section Delegate 


EXECUTIVE COMMITTEE 
(TULSA) 
W. B. Davis 
FE. H. Nielsen 
F. H. Calloway 


(OUTSIDE TULSA) 
J. A. Marphy 
F. H. Poettman 


(EX-OFFICIO) 
Roy H. Smith 
J. N. MeGirl 


MINNESOTA 


Established December 20, 1920 


Annual meeting second week in 
January, other meetings as 
called by officers 


Hugh J. Leach, Chairman 
F. DD. Devaney, Vice-Chairman 
H. F. Kullberg, Vice-Chairman 
J. L. Severson, Vice-Chairman 


James R. Stuart, Secretary-Treasurer 
Box 810, Hibbing, Minn 
Eugene P. Pileider, Section Delegate 


DIRECTORS 


W. L. Tavlor Grover J. Holt 


Cc. J. O'Connell 


MINING SUBSECTION 
David H. Hill, Chairman 
4. W. Kangas, Vice-Chairman 

lorence H. Sleeman, Secretary 


MINERALS BENEFICIATION 
SUBSECTION 
F. D. DeVaney, Chairman 
S. E. Erickson, Vice-Chairman 
M. F. Williams, Secretary 


MONTANA 


Established October 17, 1913 


Holds meetings fourth Tuesday 
of each month 


Chester H. Steele, Chairman 
Fred W. Strandberg, Vice-Chairman 
Clifford J. Hicks, Secretary-Treasurer 
526 Hennessy Blde., Butte, Mentana 
Joseph T. Roy, Executive Committe- 
James F. Smith, Executive Committee 
Fred W. Strandberg, Section Delegate 


COMMITTEES 


MEMBERSHIP 
Robert ©. Weisner, Chairman 
George A. Boulter David R. Nelson 


Stanley M. Lane Forbes Robertson 
James F. Smith 


PROGRAM 
James K. Archibald, Chairman 
Carl Trauerman, Co-Chairman 
Lester Bishop W. Wallace Harrity 
George W. Boulter Stanley M. Lane 
Thomas K. Graham Robert L. Thompson 
Guy T. Wever 


STUDENT AWARDS 


Clarence A. Champ, Chairman 


Mining -T. Charles Wise 
Charles S. Matthews 


Geology —Charles ©. Goddard, Jr 
Wallace A. OBrien 


Metallurgy F. Milkwick 
George T. Hanson 
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CHAIRMEN ADVISORS ON MEETINGS 
Mining—Arthar Bigley 

Geology tdward i’. Shea 

Metallurgy —4,eorge G. Griswold 
General J. R. Van Pelt 


NOMINATING 
Kano Doerr, Jr Chairman 
Armor B. Martin J. Hollis MeCrea 


NEVADA 
Established January 21, 1916 


Albert Silver, Chairman 
Arthar J. O'Connor, Vice-Chairman 
A. Rice, Secretary-Treasurer 
U.S. Bureau of Mines 
Box D, University 

Reno, Nevada 
Kinnear, Section Delegate 


EXECUTIVE COMMITTEE 

John M. Heizer John C. Kinnear, Jr. 
A. C. Johnson A. E. Millar 

Habert P. Chessher, Jr, Chairman, 

Membership 
RENO BRANCH 

Holds luncheon meeting second Friday 

each menth except July and August 


J. 


J. B. Zadra, Chairman 
Vietor FE. Kral, Secretary-Treasurer 
Nevada Bureau of Mines 
Univ. of Nevada, Reno, Nev. 


NEW YORK 
Established May 19, 1911 
Holds monthly meetings except February, 
Jane, July, and August 
P. Malozemoff, 
Francis Cameron, Past Chairman 
Robert Ramsey, Vice-Chairman 


Chairman 


Raymond, Vice-Chairman 
W. Knoerr, Secretary 
tind St. New York 18 N. Y. 
James S. Vanick, Treasurer 
Philip D. Wilson, Section Delegate 


COMMITTEE CHAIRMEN 
Turner 
Henry W. Hitzrot 
John H. Ffolliott 
L. H. Hart 
Maxwell Gensamer 
Walter 5. Olson 
Howard LeFevre 
J. Queneau 


Louis 
Alvin 
330 W 


NORTH PACIFIC 


Established March 28, 1913 


Holds meetings third Thursday each 
month except June, July, and August. 


Drary A. Pifer, Chairman 
A. H. Mellish, Vice-Chairman 
M. E. Elmore, Secretary-Treasurer 
5041 West Prince St. 
Seattle 6, Washington 
W. A. G. Bennett, Corresponding 
Secretary 
W. C. Leonard, Section Delegate 
Drury A. Pifer, Alternate 


Councillors 
Bennett 


wic W. Heinzinger 


G Johnsen 
COMMITTEES 


MEMBERSHIP 
D. A. Somerville, Chairman 
George Waterman J. A. Richter 
PROGRAM 
Max R. Geer, Chairman 
Joseph Daniels . R. Lew 
E. A. Rowe, Student Chapter Counselor 


NORTH TEXAS 
Established May 16, 1945 


R. G. Parker, Chairman 
Kenneth F. Anderson, Vice-Chairman 
Henry Gruy, Vice-Chairman 
Buck Joe Miller, Vice-Chairman 
M. IL. Taylor, Secretary-Treasurer 
P. O. Box 1290, Fort Worth, Texas 
Jack A. Crichton, Section Delegate 
R. G. Parker, Alternate 


DIRECTORS 
R. T. Bright Marshall L. Stirling 
R. P. Dobyns Everett G. Trostel 
Paul M. Wiley 


COMMITTEE CHAIRMEN 
Program 
Fort Worth—K. C. Howard 
Dallas—N. A. Tinker 


Arrangements 
Fort Worth—W. K. Daggett 
Dallas—H. A. Metzger 


Membership 
Fort Worth—R. H. Rantala 
Dallas—K. F. Anderson 
Commitee Chairman 
Wichita Falls Area—Buck Joe Miller 
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OHIO VALLEY 
Established November 19, 1920 


Theron Reed, Chairman 
William H. Smith, Vice-Chairman 
James Cunningham, Secretary-Treasurer 
Owens-Corning Fiberglas Corp. 
Newark, Ohio 
Charles Bowen, Asst. Secretary-Treasurer 
John H. Melvin, Section Delegate 


COMMITTEE CHAIRMEN 
Robert Jaffee, Program 
William Newton, Membership 
Frank Stephens, Jr. Representative 
Edwin Miller, Student Representative 


AREA REPRESENTATIVES 
Worley Albaugh, Cincinnati 
George R. Long, Dayton 

G. W. Neble, Findlay 
Max Tuttle, Indianapolis 
Harold Gaw, Middletown 

Theron Reed, Newark 

Renjamin Eggers, Portsmouth 
Keith D. Pfoor, St. Clairsville 


OKLAHOMA CITY 
Established February 18, 1947 


C. Cordell, Chairman 
. M. Caywood, First Vice-Chairman 
H. W. Benischek, Second Vice-Chairman 
N. R. Morgan, Secretary-Treasurer 
Sehio Petroleum Co 
Skirvin Tower, Oklahoma City, Okla. 
J. H. Field, Section Delegate 


DIRECTORS 
J. W. Maly J. H. Field 
T. 


B. Lowary 


OREGON 


Fetablished April 22, 1921 


Holds meetings third Friday of each 
month except during summer months 


James F. Bell, Chairman 
Henry Mears, Vice-Chairman 
David H. Beetem, Past Chairman 
Robert Rasmussen. Secretary-Treasorer 
P.O. Box 492, Albany, Oregon 
Henry Mears, Section Delegate 


EXECUTIVE COMMITTEE 
A. O. Bartell T. C. Waters 


COMMITTEE CHAIRMEN 
Henry S. Mears, Program 

Alex Leipper, Auditing 

T. C. Mathews, Entertainment 
F. W. Libbey, Legislation 
Ralph S. Mason, Publicity 
A. O. Bartell, Ind. Minerals Conf. 
Lloyd Staples, Student Prize Award 


MEMBERSHIP 
D. H. Beetem, Chairman 

1. S. Allison 
Lleyd Banning 
A. O. Bartell 
M. L. Bingham 
F. X. Cappa Lloyd Staples 
Leverett: Davis N. S. Wagner 
K. E. Hamblen K. O. Watkins 
P. R. Hines D. J. White 

Gordon White 


DELEGATES TO OREGON 
TECHNICAL COUNCIL 
A. O. Bartell K. E. Hamblen 


PENNSYLVANIA-ANTHRACITE 
Established February 17, 1914 


Holds meetings alternately at Pottsville, 
Hazleton, Wilkes-Barre, and Scranton. 
Spring Meeting, April; Summer Meeting, 
July; Fall Meeting, October. 


C. Helms, Chairman 
John M. Reid, Vice-Chairman 
Flovd S. Sanders, Secretory-Treasurer 
Goodman Mfg. Co., P. O. Box 151 
Wilkes-Barre, Pa. 
Henry Dierks, Section Delegate 
D. C. Helms, Alternate 


EXECUTIVE COMMITTEE 
One Year 
Carroll A. Garner 
W. Julian Parton 
Edward G. Fox 
FE. L. Dana 
W. M. Romischer 
Twe Years 
William W. Everett 
George J. Clark 
Fdward T Powell 
James H. Pierce 
William C. Muehlof 
Three Years 
Adrian E. Rose 
K. F. Arbogast 
Joseph Crane 
John = Criffiths 
Arthur E. Dick, Jr. 
J. T. Griffiths, Membership Chairman 
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PERMIAN BASIN 
batablished November 14, 1945 


Raymond Howard, Chairman 
James ©. Blackwood, Viee-Chairman 
retary-Tre 
Kobe, 


Lewis, Se 
Ine, Midland, 
Moore, Section 


Texa 

Delegate 
ARD RECTORS 

James Blackwoo J). T. Lewis 

Joe Chastain Jack M. Moore 

tavmond FE. Howa Ros. Ousterhout 


MMITTEES 
PROGRAM 
James Blackwood, Chairman 
John Ro Brack Marion K. Main 
David Johnston DD. Priebe 
MEMBERSHIP 

Rufos PO Kirk, Chairman 

rt Kellerman 1 W. Lovelady 
ARRANGEMENTS 

J). T. Lewis, Chairman 
Denson Cc. E. 
STATISTICAL REPORT 
Jobn ©. MeCarthy, Chairman 


Robe 


Bryan I Shileutt 


SOUTH PLAINS SUBSECTION 
Normen Lamont, Chairman 
D. D. Bowersock, Vice-Chairman 
Windford Jones, Vice-Chairman 
Morvin Willis, Seeretary-Treasurer 


PHILADELPHIA 
Re-established March 15, 1944 


Dinner and meeting held last Thursday 
of each month except June through 
september 


Finch, Chairman 
Bradd, Senior Vice-Chairman 
Litton, Second Vice-Chairman 
Dunkerley, Secretary-Treasurer 
Towne Scientific School, 
Univ. of Pennsvivania, Philadelphia 4, Pa 
A. A. Bradd, Section Delegate 


A. A 
Felix B 
F. J 


EXECUTIVE COMMITTEE 
fhove offic ers and 
Edward Korostofl ‘ 
Arthur Bounds 


Jamieson, Past Chairman 


Balke 


Al 


COMMITTEES 
Felix B. Litton, Chairman, Program 
F. B. Foley, Chairman, Student Pay 
Arthur Bounds C. Balke 
A. A. Bounds, Chairman, Publicity 
William Barth Vogel, Jr 
F. B. Foley, Chairman, Nominating 
I Jamieson 


Korostoff, Chairman, We mbership 


PITTSBURGH 
Established April 1920 
J. Donaldson, Chairman 
R. F. Miller, Viee-Chairman 
Aluminam 
New 


inwood 


Hollingsworth, Secretary 
Research Laboratories 
Kensington, Pa 
Snonfler. 
Thiessen 


Treasurer 

section Delegate 

EXECUTIVE COMMITTEE 

Alford D. T. Rogers 

H. G. Botset W. Pettigrew, Jr 

A. J. Breittenstein lr. Ryan, Jr 

Derge Stevenson 

S. Feigenbaum 

W. B. Gealy 

H. P. Greenwald Linweod Thiessen 

M. G. Gulley Wearly 

J. B. Morrow A. B. Wilder 

Fx offictis 

HN. Eavenson L. FE. Young 
Linwood Thiessen, Chairman, 

Annual AILDay Offthe-Record Technical 


Sexton 


N. G 


ST. LOUIS 


Established May 23, 1913 
Curtis L. Wilson, Chairman 
Fred J. Meek, Vice-Chairman 

John D. Kerr, Jr. Seeretary-Treasurer 

Locust St, St. Loni« 1, Mo 
Clyde S. Smith, Section Delegate 


EXECUTIVE COMMITTEE 
Carl H. Cotterill James B. Macelwane 
John S. Brown Paul R. Hamilton 
Morris M. Fine J. Marshall Thompson 


COMMITTEE CHAIRMEN 
Jules ©. George, Membership 
Fred J. Meek, Student Papers Contest 
Charles W. Ambler, Jr, Program 
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SAN FRANCISCO 


Established June 26, 1913 


Hold. ond Wednesday of 
each month except June through August; 
ind Monday neons for luncheon at 
Engineers’ Clab 


meetings ser 


Walter I Penick, Chairman 
J. 4. Huseby, View 
Malcolm B. Gould, Seeretar 
1100 Mills Bldg 

San Franeciseo 4, Calif. 
Walter L. Penick, Section Delegate 


COMMITTEES 


EXECUTIVE 
Walter L. Penick 
J. Huseby 
M. B. Gould 
J. Lekken G 
A. Parsons G. F 


( hairman 
Treasurer 


H. Playter 
Trescher 


PROGRAM 

Husebv, Chairman 

Alfred B. Sabin 
Olaf P. Jenkins 


H. ©. Miller 
©. Cutler Shepard 


MEMBERSHIP 
Lokken, Chairman 
A. Kinzie, Jr. 


L. Baldwin 
M. Barker 
A. Gould 
A. Hassan, Jr 
B. Hutt! 
P. Hurst 
H 


Spangler Ricker 
B. K. Shedd 
W. A. Vogt 

P. Wagner 


STUDENT CONTACT 
Charles F. Park, Je. Chairman 
Fred L. Humphrey Edward Wisser 
Bernard York 
President, U. C. Mining Association 
President, Stanford Mining Association 


STUDENT PRIZE 
W. W. Mein, °53, Chairman 
R. EF. Byler, 54 
D. H. McLaughlin, "55 
Cutler Shepard, "53 


NOMINATING 
Worthen Bradley, Chairman 
Reid H. A. Sawin 
Lawrence B. Wright 


TAX 
Granville S. Borden, 
1. 8. Joralemon s 


Chairman 
Williston 


LICENSING 

Lawrence B 
Borden 
‘ 


Wright, Chairman 
Rodgers Peale 


Schuette 


ENTERTAINMENT AND HOSPITALITY 
Granville hoirman 

Tr. Bakes Jak 

M. B. Gould HA 


ADVISORY 
Lawrence B. Wright, “52, Chairman 
W. W. Mein, Jr, 53 
P. R. Bradley, Jr, 
Fdward Wisser, “4 
G. H. Playter, 56 


FINANCE 
Hoffman, Chairman 


T. T. Kett 


Borden 
How 


“awin 


A. A 
Collyer 
W. Vreeland 


ADVISORY TO ENGINEERING SOCIETIES 
EMPLOYMENT SERVICE 
W. Spencer Reid, Chairman 


Ballard F. Williams 


LEGISLATIVE 
Philip R. Bradley, Jr 
Austin G 


ENGINEERING COUNCIL 
George H. Playter, Chairman 
>. Huseby W. L. Penick 


ROSTER 
H. A. Sawin, Chairman 
J. P. Bradley J. G. 
G. L. Gould 
W. S. Reid 


E. P. 


S. Borden 


Huseby 
Lokken 


SOUTHEAST 
Established February 18, 1936 


Lamar Weaver, Chairman 
E. H. Rose, First Vice-Chairman 
Alfred Shook TIL, Second Vice-Chairman 
V. L. Hill, Seeretary-Treasurer 
Tennessee Copper Co 
Ducktown, Tenn 
H. Rose, Section Delegate 


DIRECTORS 
P. G. Cowin McKenzie 
H. F. Kendall ©. Oder 
Nelson Severinghaus 
J. Blair, Representative to 
The Birmingham Engineers Council 
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COMMITTEES 


MEMBERSHIP 
Frank Doyle, Chairman 
Kessler M. J. Langley 
C. Miller 


PROGRAM 
H. F. Kendall, Chairman 
Black John Ww. Hager 


Nelson Severinghaus 


ENTERTAINMENT 
F. M. Lewis, Chairman 
Crumbaugh W. Jobnson 


PUBLICITY 
J. B. Monerief, Chairman 
Beck R. G. Clay 


Garland Peyton 


SCHOOL 
J. R. Thoenen, Chairman 
A. T. Allen 
R. J. Raudebaugh 


RESOURCES INDEX 
W. Simmons, Chairman 
Kingman R. A. Laurence 


&. 
Ww. M. 


A 


Kruger 
Mevens 


Owen 


SOUTHERN CALIFORNIA 
Established May 23, 1913 


Basil Kantzer, Chairman 

J). L. Taylor, Vice-Chairman 
M. Stewart, Jr, Vice-Chairman 
Basil Kantrer, Section Delegate 


DIRECTORS 
Wayne FE. Glenn, Petroleum Branch 
Fred S. Boericke, Metals Branch 
N. A. D'Arcy, Je. Mining Branch 


COMMITTEE CHAIRMEN 
M. Bernt, Membership 
Joseph Jensen, Fall Meeting 
W. T. Wallace, Employment 
Poul Andrews, Student Affairs 
Jordan Nathason, Publicity 
W. Six, Finance 


SOUTHWEST TEXAS 
Established September 18, 1946 
Holds meetings second Wednesday of 
each month except July, August and 
December 


Harry D. Vaughan, Chairman 
Barrett Beeth, Viee-Chairman 


Joseph B. Woodward, Secretary-Treasurer 
Seaboard Oil Co. of Del 
P. O. Box 601, Corpus Christi, Texas 
Harry D. Vaughan, Seetion Delegate 


DIRECTORS 
a Barnes 
E. ates 
J. Granberry 
BE. Keefer W. sd. Turner 


COMMITTEE CHAIRMEN 
Chester L. Wheless, Membership 
Don F. Shaw, Program 
Francis J. Herbert, Reception and 
Entertainment 
Raymond Keller, Jr. Publicity and 
Correspondent to Journal 
John W. Crutchfield, Counselor to 
Student Chapter at A. & I. College 


harles 
‘ 


‘ 
R. 
R. 
T 


SOUTHWESTERN ALASKA 
Established February 1951 


Holds meetings fourth Monday ef each 
month. 


Phil R. Holdsworth, Chairman 
John MeAnerny, Vice-Chairman 
Wiley Robinson, Vice-Chairman 
Ludlow G. Anderson, Secretary-Treasurer 
Region 1, U.S. Bur. of Mines, 
Box 2259, Anchorage, Alaska 


EXECUTIVE COMMITTEE 
Fugene P. Erickson Walter Erickson 
Glen Chambers 


SOUTHWESTERN NEW MEXICO 


Established September 30, 1947 


Holds meetings second Wednesday 
January, April, July, and October. 


Flien Clark, Chairman 
John H. Soule, First Viee-Chairmon 
Ceorge F. Coope, Jr. 
Second Vice-Charrman 
David W. Boise, Seeretary-Treasurer 
O17 West St. Silwer City, New Mexico 
J. W. Faust, Seetion Delegate 
COMMITTEES 
MEMBERSHIP 
W. C. Weed, Chaieman 


R. A. Elgin P. R. Smith, Jr. 
Bert C. Morrison J. F. Stock, Jr. 


| 


ame 


952 DIRECTORY SUPPLEMENT’ 


PROGRAM 
B. S. Hardie, Chairman 
S. Babcock RK. W 


Math. 
Shilling 


TRI-STATE 
Established May 27, 192¢ 


W. Netzeband, Chairman 

R. O. Cash, Vice-Chairman 
Dhan R. Stewart, Secretary-Treasurer 

P. O. Box 870, Joplin, Mo 

J. C. Stipe, Section Delegate 

F. Crabtree, Jr. Alternate 


DIRECTORS 
Netzebard Sim Clarke 
R. Stewart J. C. Stipe 
Robert Hlidge Curtis Stover 
Robert Cash Frnest 


COMMITTEE CHAIRMEN 
Sim Clarke, Program 
Ernest Blessing, Membershit 


UPPER PENINSULA 


Established October 25, 1918 


Robert K. Poull, Chairman 
Clyde Nicolson, Vice-Chairman 
Roy W. Drier, Secretary-Treasurer 
715 Pine St., Calumet, Mich. 
Roy W. Drier, Section Delegate 
B. H. Boyum, Alternate 


EXECUTIVE COMMITTEE 


S. E. Quale 

F. J. Haller 

J. O. Greenslade 
Royum 


J. Christensen 
K. Poull 
W. Drier 

BR. H 


COMMITTEES 


NOMINATING 
Carl Brewer, Chairman 


M. Broderick John M. Bush 


FINANCE 
Roy W. Drier 
A. J. Christenson 


PROGRAM 

Drier, Chairman 

Murray Riddell 
L. Partlo 
D. S. Young 

J. Christenson 


Rey W 

Kelly Campbell J 
R. Mahon 
RK. Poull 
\ 


MEMBERSHIP 
Denton, Chairman 
S. We-twater 
Stephen Royce 


STUDENT RELATIONS 
A. K. Snelgreve, Chairman 


Harry Roy Ww 


ENTERTAINMENT 
Waldemar A. Knoll, Chairman 
F. J. Smith RK. D. Satterley 
H. S. Peterson L. Derby 
K. Peul! 
PUBLICITY 
Peter [ 


Fred W 
L. A. Roe 


Drier 


Ribotto 


Rov W. Drier 
PROFESSIONAL STANDARDS 


Fayette Brown, Chairman 
Bailes | | 


Derby 


UTAH 


Fatablished April 24, 1914 


Meets third Thur-day of each month, 
September to May, inclusive 
W. G. Rouillard, Chairman 
Clark W. Wilson, Vice-Chairman 
Harry P. Allen, Secretary-Treasurer 
1316 Penn M., Salt Lake City 5, Utah 
Whitman G. Rouillard, Section Delegate 


EXECUTIVE COMMITTEE 
Carlos Bardwell H. L. Johnson 
©. J. Christensen J. C. Landenberger, Jr. 


COMMITTEE CHAIRMEN 
B. L. Sackett, Membership 
Bort B. Brewster, Publicity 
D. F. MecEthattan, Entertainment 
Robert S. Lewis, Student Affairs 


WASHINGTON D. C. 
Established June 21, 1918 
Holds meetings usually third Tuesday of 
each month except June through August 
A. C. Fieldner, Chairman 
Max W. Ball, Vice-Chairman, D. C. 
©. J. Williamson, Vice-Chairman, Md. 
Olaf Rove, Vice-Chairman, Va. 
Jack W. Clark, Secretary-Treasurer 
P. O. Box 663, Washington 4, D. C. 
Paul M. Tyler, Section Delegate 


EXECUTIVE COMMITTEE 
Tot 
C. E. Stott 


R. Maize 
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MEMBERSHIP 
Sheldon P 


COMMITTEE 
Wimpfen, (Chairman 


WYOMING 


bstablished May 16, 1930 


Holds cegular meeting- quarterly; special 
meeting: rs are available 
terms expire Now, 1953) 


Henrys Chairman 
Gavlore, Vice-Chairman 
(harles BE. Johnson, Secretary-Treasurer 
Creen River, Wyoming 
Henry Fick, Section Delegate 


when speake 


Officer.’ 


Charles Johnston, Alternate 
COMMITTEES 
EXECUTIVE 
Livingston, Chairman 
M Pidlor E. Serensou 
MEMBERSHIP 
I M. Charles, Chairman 
r Johnston Lyman Fearn 
Lund 
PROGRAM 
Chart Johnston, Chairman 
Neil Ries RM. Churchwell 


FOREIGN SECTIONS 
MEXICO 
bstabliched 1950 


Holds monthly 


luncheon meetings first 
Mouday 


of each month at American 
Club, Mesico City 


UNIVERSITY OF ALABAMA 
University, Ala. 

Mining & Metallergical Society 

James W Stewart 


UNIVERSITY OF ALASKA 
College, Alaska 


Society of the University 
of Alaska 


Guinn Metzger 


Mining 


STUDENT CHAPTERS AND FACULTY SPONSORS 


Alfredo Terrazas, Chairman 

Jose Garcia, Vice-Chairman 
William GC. Kane, Secretary-Treasurer 
Apartado 711, Mexico, D. Mexico 


EXECUTIVE COMMITTEE 
Serrano H. F. 
Alex Edelen 


Hurley 
Ignacio Bonillas 
Manuel Villafana 
Alex Edelen, Chairman, Members! 
ommittee 


PHILIPPINE 
Established January 20, 1959 
Nestoria \. Lim, Chairman 


J. B. Stapler, Vice-Chairman 
Amadeo Rodriguez, Secretary 
Indust. Safety Div., Dept. of Lab 
Manila, P 


EXECUTIVE COMMITTEE 
Clarence A. Weekly 
Waher R. Thormeyer 


RIO DE JANEIRO (BRAZIL) 
Established April 17, 1936 


Meets second Tharsday of each mous 
at Av. Rio Branco 128, Room 410 


bk. de Macedo Soares Chairman 

A. L. de Oliveria, Vice-Chairman 
Harvey Hakala, Vice-Chairman 
Silvio Froes Abreu, Secretary 

Institato Nacional de Tecnologia 
Rio de Janeiro, Brazil, S. A. 

H. ©. Alves de Sousa, Treasurer 


LIMA (PERU) 
Etablished Mav, 


1952 


UNIVERSITY OF ARIZONA 
Tucson, Arizona 
Miners" Society 


H. Kramlauf 


BIRMINGHAM-SOUTHERN 
COLLEGE 
Birmingham, Ala 
Pick & Hammer Club 
Daniel D. Arden 
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UNIVERSITY OF BRITISH 
COLUMBIA 
Vancouver, British Columbia 
G. M. Dawson Club 
A Cunning 


UNIVERSITY OF CALIFORNIA 


Berkeley, Calif. 
Mineral Technology Association 
Rernard York 


CARNEGIE INSTITUTE OF 
TECHNOLOGY 
Pittsburgh, Pa 
The Metal« Clab 


Gerhard Derge 


CASE INSTITUTE OF 
TECHNOLOGY 
Cleveland, Ohio 

Pick and Shovel Clul 
Gerald M. Cover 


( COLLEGE OF NEW YORK 
New York, N. Y. 
CCNY Student Chapter AIMF 
Daniel T. O'Connell 


COLORADO SCHOOL OF MINES 


Golden, Colo 
stndent Chapter AIMF 
Sigmund L. Smith 


COLUMBIA UNIVERSITY SCHOOL 


OF MINES 
New York 27, N. Y. 
Thomas Thornton Read Societs 
Herbert H. Kellogg 


CORNELL UNIVERSITY 
Ithaca, VN. Y 
Cornell Metallurgical Societs 

Grege 


UNIVERSITY OF HOUSTON 
Houston, Texas 


Kirkpatrick 


UNIVERSITY OF IDAHO 
Moscow, Idaho 
Associated Miners 
Joseph Newton 


UNIVERSITY OF ILLINOIS 
Urbana, Ill 
Mineral Industry Soviety 
W. R. Chedsey 


ILLINOIS INSTITUTE OF 
TECHNOLOGY 
Chicago, Hl. 
Student Chapter AIME 
Otte Zmeskal 


IOWA STATE COLLEGE 
Ames, lowa 
lowa State Mining Societe 
Charles O. Frush 


UNIVERSITY OF KANSAS 
Lawrence, Kan 
Stodent Chapter ‘AIME 
Habert F. Risser 


UNIVERSITY OF KENTUCKY 
Lexington, Ky 
Norwood Mining & Metallurgical 


Charles 


LAFAYETTE COLLEGE 
Easton, Pa 

Markie 

William B 


Stevens Crouse 


Society 


Plank 


LEHIGH UNIVERSITY 
Bethlehem, Pa 
Howard Eckfeldt Society of 
Mining & Geology 
R. T. Gallagher 


LOUISIANA STATE UNIVERSITY 
University, La 
Stadent AIME 

B. Craft 


MASSACHUSETTS INSTITUTE OF 
TECHNOLOGY 
Cambridce 39, Mass 
MIT Metallurgical Society 
N Grant 


UNIVERSITY OF MICHIGAN 
Ann Arbor, Mich. 
Univ. of Michigan Studem 
Soctety AIME 


Clarence A. Siebert 
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MICHIGAN COLLEGE OF MINING UNIVERSITY OF NORTH DAKOTA 


AND TECHNOLOGY 
Houghton, Mich 
student Chapter AIME 
(Charles Mo Harry 


UNIVERSITY OF MINNESOTA 
Mirae Minn 
School of Mines Society, 
Fueene P. Pfleider 


AIME 


MISSOURI SCHOOL OF MINES 
AND METALLURGY 
Rolla. Mo 
Student Chapter AIME 
DK. Schoo 1) Walsh 


MONTANA SCHOOL OF MINES 
Butte, Mont 
Technical Society 
(eorge J) Geunenfelder 


UNIVERSITY OF NEVADA 
MACKAY SCHOOL OF MINES 
New 
(lub 
vella 


Crecible 
PL Gia 
INIVERSITY OF NEW HAMPSHIRE 


Nou 
AIME 


Student Chapter 
! W “Mewart 


NEW MEXICO INSTITUTE OF 
MINING AND TECHNOLOGY 
Socorro, N Mex 
Cooney Mining Club 
rald t-reene 

NEW YORK UNIVERSITY 
ersity Heights. New York 53, N. Y 
NYU Stadent Chapter AIME 

Johan Nielson 


NORTH CAROLINA STATE 
ILLEGE OF AGRICULTURE AND 
ENGINEERING 
Raleigh, ¢ 
Reckhound Club 
Ernest MeKinl 


Grand Forks, N. D 
The Mining Club 
J. Daly 


OHIO STATE UNIVERSITY 
Columbus, Ohio 
AIME Student Branch 
William A. Mueller 


UNIVERSITY OF OKLAHOMA 
Okla 
Petroleum Engineers’ 


WF. Cloud 


Norman, 
Club 


OKLAHOMA INSTITUTE OF 
TECHNOLOGY 
(hlahoma A & M College 
Stillwater, Okla 
Petroleum Club 
Johe Everett 


OREGON STATE COLLEGE 
Corvallis, Ore 
Chapter AIMF 
William F. Caldwell! 


INIVERSITY OF PENNSYLVANIA 
Philadelphia, Pa. 
Metallurgical Engineering Society 


R. M. Brick 


PENNSYLVANIA STATE COLLEGE 
State College, Pu 
Mining Engineering Socrety 
Arnold W. Asman 
Petroleum Engineering Societys 
O. Spencer 


UNIVERSITY OF PITTSBURGH 
Pittsburgh 13, Pa 
Student Chapter AIME 
E. A. Wine. 


POLYTECHNIC INSTITUTE OF 
BROOKLYN 
Brooklyn 2, N.Y 
~tudent hapter 
Otto H. Henry 


PRINCETON UNIVERSITY 
Princeton, N. J 
Student Chapter AIMI 
Thom, J; 
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COLLEGE OF PUGET SOUND 
Tacoma, Wash. 
Geological Society 


F. A. MeMillin 


PURDUE UNIVERSITY 
Lafayette, Ind 
student Society AIME 
George M. Enos 


RUTGERS UNIVERSITY 
New Brunswick, N. J 
Rutgers Geology Club 


Helgi Johnson 


ST. LOUIS UNIVERSITY INSTITUTE 
OF TECHNOLOGY 
St. Lenis 8, Mo 
ouis Univ. Student Chapter AIME 
Albert J. Frank 
SOUTH DAKOTA SCHOOL OF 
MINES AND TECHNOLOGY 
Rapid City, S. D 
Drill and Crucible Club 
John Paul Gries 


UNIVERSITY OF SOUTHERN 
CALIFORNIA 

Los Angeles, Calif 
Student Chapter AIME 

Carrol M 


Us 


Be eson 


STANFORD UNIVERSITY 
stanford, Calif 
Geological & Mining Society 
©. Cather Shepard Charles Park 


A. & M. COLLEGE OF TEXAS 
College Station, Texas 
Petroleum Engineering Club 


Joe A. Laird 


TEXAS COLLEGE OF ARTS AND 
INDUSTRIES 
Kingsville, Texas 
Engineers Association 
Frank H. Dotterweich 


TEXAS WESTERN COLLEGE 
El Paso, Texas 
Kidd Mining Club 
John F. Graham 


TEXAS TECHNOLOGICAL 
COLLEGE 
Lubbo« k, Texas 
Student Chapter, AIME 
Ducker 


UNIVERSITY OF TEXAS 
Austin, Texas 
Student Chapter 


Lebe aur 


UNIVERSITY OF TORONTO 
Toronto, Ont, Canada 
Mining & Metallurgical Club 

Richard 


UNIVERSITY OF TULSA 
Tulsa, Okla 
A. W. Walker 


UNIVERSITY OF UTAH 
Salt Lake City. Utah 
Mining Society of Univ. of Utah 
Robert Lewis 


VIRGINIA POLYTECHNIC 
INSTITUTE 
Blacksburg, Va 
Burkhart Mining Society 
Charles Holla rd 


WASHINGTON UNIVERSITY 
Mo. 


Barret 


Louis, 


Walter FE. MeCourt Memorial Ch ipter 


Norman 8S. Hinchey 


WASHINGTON STATE COLLEGE 
Pullman, Wash 
Associated Mackers 
Joseph W. Mills 


UNIVERSITY OF WASHINGTON 
Seattle 5, Wash. 
Mines Sec iety AIMF 
H. Gordon Poole 


WAYNE UNIVERSITY 
Detroit, Mich. 
Charles A. Nagler 


WEST VIRGINIA UNIVERSITY 
SCHOOL OF MINES 
Morgantown, W. Va. 
Stadent Chapter AIME 
R. W. Laird 
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UNIVERSITY OF WICHITA WISCONSIN INSTITUTE OF 
Wichita, Kan TECHNOLOGY 
Geology Club 

Carl Christiansen 


UNIVERSITY OF WISCONSIN Vale UNIVERSITY 
Madison 6, Wis New Haven 11, Conn 


Mining and Metallurgy Club Yale Metallurgical Society 
George J. Barker WR. Hibbard, Jr 


OFFICERS OF THE WOMAN'S AUXILIARY 


PRESIDENT 
Mrs. Oliver Bowles 
Massachusetts Ave. 
Washington 16, D. ¢ 


FIRST VICE-PRESIDENT RECORDING SECRETARY 
Mrs. Dasid Fugene Park Mr W. MeG. Petree 

350 East Sith Street Lexington Avennur 

New York 22, N.Y New York 10, N.Y 


SECOND VICE-PRESIDENT ASST. RECORDING SECRETARY 
Mrs. A. B. Kinzel Mrs. Arnold H. Miller 
$20 Park Avenue West Stre 
New York 22, Y¥ New York 25, N 


THIRD VICE-PRESIDENT CORRESPONDING SECRETARY 
Mes. Harold J. Clark Mr-. Theodore Nagel 

129 North Lacerne Blvd Remsen “treet 
Lo« Angeles 24. Calif Brooklwn 2, \. Y 


FOURTH VICE-PRESIDENT TREASURER 
Mr- Tho mas P. Clendenin Mere. Robert W. Rowen 
735 Silver Street 115 Fast 67th Street 


Paro, Texas New York 21, N. ¥ 


FIFTH VICE-PRESIDENT ASSISTANT TREASURER 
Mrs R. E. Kirk Mr-. Reed W. Hyd 
S017 Highland Avenue 8% Mountain Avenus 
Birmingham 5, Ala Summit, New Jer-es 
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